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ABSTRACT 
The synthesis and reactivity 
containing di (tertiary) alkyl phosphine 
of cyclohexyne-platinum 
ligands are described. 
complexes 
Previously 
unknown cyclohexyne-nickel complexes have also been synthesized and the 
structure, mechanism of formation and reactivity of these complexes are 
discussed. 
The reaction of the cyclohexyne-platinum complex (C6 Hg) Pt-
(PPh 3 )2 26 with di(tertiary) alkylphosphines of the type R2PCH2CH2PR2 
(R = Me, Et, Cy), in refluxing benzene gives the new cyclohexyne-platinum 
complexes (C6Hs)Pt(R2PCH2CH2PR2) (R = Me 59a, Et 59b, Cy 59c). Complex 
S 9 b is readily protonated by weak acids such as water and acetone to give 
(T\ 1 -cyclohexenyl)platinum(II) complexes, e.g. (C6H 9)Pt(OH)(depe) 6 2a and 
(C6H9)Pt(CH2COCH3)(depe) 66. The polar unsaturated molecules carbon 
disulfide, carbon dioxide, dimethyl acetylenedicarboxylate and tert-
butylisocyanide insert into the cyclohexyne-platinum bonds of 5 9 a, 5 9 b, 
and 59c giving platinacyclic complexes e.g. {C(CH2)4CC(S)S}Pt(dmpe) 68a. 
The same unsaturated molecules do not react with (C6 Hg )Pt(dppe) 4 0 a 
(dppe = Ph2PCH2CH2PPh2). Neither (C6Hs)Pt(dppe) 40a nor (C6Hs)Pt(depe) 
59b react with bis(tert-butyl)acetylene, l-phenyl-1-propyne, 3-hexyne and 
bis(trimethylsilyl)acetylene. It is suggested that insertion of unsaturated 
molecules into cyclohexyne-platinum bonds 1s dependent on both the 
nucleophilicity of the metal centre and the polarizabilty of the unsaturated 
molecule. 
Sodium amalgam reduction of 1,2-dibromocyclohexene 1n the 
presence of the appropriate ethylene-nickel(0) complexes g1 ves the 
cyclohexyne-nickel(0) complexes (C6Hs)Ni(PPh3)2 56, (C6Hs)Ni(PEt3)2 77a, 
1 
/ 
(C6Hg)Ni(PCy3)2 77b and (C6Hg)Ni(dcpe) (dcpe=Cy2PCH2CH2PCy2) 78. It is 
proposed that cyclohexyne-nickel(0) complexes are generated by 1 % sodium 
amalgam reduction of the nickel(II) species (C6HgBr-2)NiBrL2, which form 
on reaction of (C2H4)NiL2 and 1,2-dibromocyclohexene. Complexes 56, 77a-b 
and 7 8 have been characterized by infrared and n.m.r. ( 1 H, 1 3 C, 3 1 P ) 
spectroscopy, and 7 8 has been further characterized by single-crystal X-ray 
structural analysis. Crystals of 7 8 are monoclinic, space group P21 /n. with 
a=l0.006 (1) A, b=17.772 (1) A, c=17.721 (1) A, and ~=4. The structure was solved 
by direct methods and refined to R=0.048 for 3932 reflections. The molecule 
consists of a central nickel atom symmetrically coordinated by a dihapto-
cyclohexyne [Ni-C(l )= 1. 875 ( 4) A, Ni-C(2)= 1. 867 ( 4) AJ, the coordination 
geometry being close to trigonal planar. The coordinated 'C=C' bond length is 
1.272 (5) A, which 1s similar to those observed in alkyne complexes of 
zerovalent nickel and platinum. 
The product obtained from the attempted preparation of the 
cyclopentyne-nickel complex (C5 H 6)Ni(dcpe) 83 from the reduction of 1,2-
dibromocyclopentene in the presence of (C2H 4)Ni(dcpe) 1s proposed as the 
dinuclear complex (µ-C5H 6)Ni2(dcpe)2 84. Attempts to make cyclopentyne-
nickel(0) complexes containing PPh3 or PCy3 from either (C2H 4) Ni L 2 or 
trans-(CsH6Br-2)NiBrL2 gave only NiL3 (L=PPh3, PCy3). 
Carbon dioxide and carbon disulfide insert into the cyclohexyne-
nickel bond of 78 to give the nickelacycles {C(CH2)4C(E)E}Ni(dcpe) (E=O 86, S 
91 ). Dimethyl acetylenedicarboxylate inserts into the nickel-carbon cr- bond 
of 86 giving the seven-membered nickelacycle {C(CO2Me)=C(CO2Me)C(CH2)4-
CC(O)O} Ni(dcpe) 89. However 3-hexyne and carbon monoxide apparently 
displace the organic ligand of 8 6 to give (EtC= CEt)Ni(dcpe) 8 7 and 
Ni (CO) 2 (dpce) 8 8 respectively. Cyclohexyne is apparently liberated in some 
l 1 
/ 
form in the reaction of 5 6 with carbon dioxide but cannot be trapped via a 
Diels-Alder reaction with either 2,3,4,5-tetraphenylcyclopentadienone or 
2, 5-di pheny l-3 ,4-i so benzo fur an. 
The unsaturated molecules ethylene, 3-hexyne and dimethyl 
acetylenedicarboxylate displace cyclohexyne from 5 6 and 7 8 to give 
complexes of the type (un)NiL2 (un = unsaturated molecules; L2 = 2PPh3, 
dcpe). Methyl iodide reacts with both 7 7 a and 7 8 to give the 
2-methylcyclohexenyl complexes (C6HgMe-2)Ni(I)L2 (L2 = dcpe 97, 2PEt3 98) 
whereas both bromine and iodine react with 78 to give NiX2(dcpe) (X=Br 99, 
I 100 ). Both 5 6 and 7 8 are inert to water for several hours, but are 
decomposed rapidly by other proton sources (methanol, acetic acid and 
p-cresol). 
111 
/ 
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CHAPTER ONE 
AN INTRODUCTION TO THE CHEMISTRY OF SHORT-LIVED 
FRAGMENTS AND THEIR STABILIZATION ON TRANSITION 
MET AL CENTRES. 
1.1 INTRODUCTION 
An important aspect of organometallic chemistry 1s the 
stabilization, on a transition metal centre, of organic and . . 1 norgan 1c 
fragments which are normally highly reactive 1n their free, uncomplexed 
state. 1 Transition metals are able to do this because they possess vacant 
d-orbitals which can accept electron density from unstable fragments and 
back-donate electrons into vacant ligand anti-bonding p-orbitals . In this 
way, they form stable metal-ligand bonds and prevent decomposition or 
further reaction of the reactive fragments. 
Table 1.1 lists several reactive inorganic and organic fragments, 
some of which can be observed for short periods at room temperature , which 
form stable complexes on coordination to various transition metals. A 
selection of these unstable fragments will now be discussed with emphasis 
on their structure, bonding and reactivity when coordinated to transition 
metals. 
1 
I 
Table 1.1: A selection of reactive fragments stabilized by transition 
metals. 
Reactive Fragment 
carbene 
carbyne 
hexaphosphabenzene 
cyclo-As5 
cyclopentadieny I an ion 
cyclobutadiene 
phosphaalkyne 
trim e thy I enem ethane 
carbon monoselenide 
Structure 
R 
/ 
:C 
' R 
:C-R 
As 
As/o'As 
\ I 
As-As 
D 
P=C-R 
CH2 
:1 
C 
.'/ .. ~ 
CH~' 'CH 2 2 
+c =se-
2 
Stabilized as (ref) 
(C0)5W=C(OMe)(Ph)2 
5 6 4 { (11 -C5Me5)Mo} 2(µ,11 -P6) 
5 4 5 { (ll -C5H5)Mo} 2(µ,11 -As5) 
6 (C5H5)2Fe 
Cr(C0)5(CSe) 10 
) 
1.1.1 Structure and bonding of reactive fragments stabilized by 
transition metals 
The synthesis of bis(cyclopentadienyl)iron (ferrocene) 1, 
described independently by Kealy and Pauson in 19516 a and by Miller, 
Tebboth and Tremaine in 1952,6 b showed that an unstable organic fragment, 
m this case the cyclopentadienyl anion, could be stabilized by coordination 
to a transition metal (Scheme 1.1). Since that time, bis(cyclopentadienyl) 
complexes of most first-row transition metals have been isolated and their 
chemistry extensively studied.! 1 
2 0-MgBr + C6H6 I Et2O 
~ 
Fe 
6 
Fe + 1 
Scheme 1.1: Synthesis of ferrocene. 
The stability of 1 derives from an excellent overlap between e1 
type iron (dx z, dy z) orbitals with e1 type ring 7t orbitals of the 
cyclopentadienyl anion, to give strongly bonding e 1 g and strongly 
anti bonding e 1 g • molecular orbitals. 
In 1956 Longuet-Higgins and Orgel 12 proposed that metal 
complexes of cyclobutadiene, a molecule which had defied attempts to 
synthesize it for over 50 years, could be stabilized on transition metals . Their 
proposal, based on molecular orbital theory, was that the doubly degenerate 
3 
I 
eg orbitals of cyclobutadiene would overlap with metal (dxz, dxy) orbitals in a 
similar manner to orbital overlaps in 1, thus producing a stable metal-ligand 
1t - bond. 
The prediction of Longuet-Higgins and Orgel was fulfilled in 1959 
when Htibel and Brayel3a reported the isolation of (C4Ph4)Fe(C0)3 2 and 
Criegee and Schroder13b reported the stable complex [(C4Me4)NiCl2]2 3 . 
Ph Ph 
G) 
Ph I Ph 
Fe 
oc/1 'co 
co 
2 
Cl Cl 
I/"'-Ni Ni- E) 
"-c( 
Cl 
3 
X-Ray analyses of 2 and 3 proved the coordinated organic 
fragment was a cyclobutadiene derivative (as opposed to being two 
substituted acetylene molecules). It therefore seemed reasonable that stable 
unsubstituted cyclobutadiene complexes could also be isolated. 
In 1965, Pettit and coworkers reported the first successful isolation 
of an unsubstituted cyclobutadiene metal complex, (C4H4)Fe(C0)3 4, from the 
reaction of 3,4-cis-dichlorocyclobutene and diiron nonacarbonyl (Eq. 1.1).7 
Cl 
+ 
Cl 
Equation 1.1. 
4 
~ 
I 
Fe(COh 
4 
I 
1, 
Ii 
II 
Electron diffraction studies show the four carbon atoms of 
cyclobutadiene to be located at the comers of a square, having bond 
distances of 1.46A. Therefore (C4 H 4) Fe (CO) 3 4 must be considered as a 
resonance hybrid 4 a H 4 b .7, 14 
[J 
I 
Fe(C0)3 
4a 
... D 
I 
Fe(C0)3 
4b 
The aromatic nature of 4, and also of ferrocene 1, is indicated by 
their ability to readily undergo electrophilic substitution reactions.1 4 , 15 One 
such reaction is the Friedel-Crafts acylation of 1 and 4 (Eq. 1.2) to give 
mono-substituted derivatives. That these reactions occur without affecting 
the metal to ring-carbon bond again demonstrates the stability of 1 and 4. 
~ 
~COCH, 
I CH3COC1 I 
Fe(COh Fe(COh 
AlC13 
4 s 
Equation 1.2. 
Cyclobutadiene can be isolated in its free state by oxidation of 
( C 4 H 4) Fe (CO) 3 4 with cerium(IV) compounds. 14 It 1s useful m orgamc 
synthesis as a Diels-Alder diene, as illustrated by the synthesis of cubane 
(Scheme 1.2).1 6 
5 
/ 
0 
Br 0 
Br [;2] 
I 
Ce4+ 
... D 
Br 
0 
Br 
Fe(C0)3 
Scheme 1.2: Synthesis of cubane from cyclobutadiene. 
The free molecule, unlike complexed cyclobutadiene 1n 4, 1s 
considered to be rectangular with alternate single and double bonds. This 1s 
demonstrated by the fact that it undergoes Diels-Alder reactions typical of a 
1,3-diene. X-Ray analysis of the substituted cyclobutadiene molecule 
3 ,3, 7, 7, 10, 10, 14, 14-octamethy 1-5, 12-di thi atricyclo [ 7 .5. 0. 0 2,8 ]-tetradeca 1 (9),-
2(8)-diene 6 supports this theory; the bond lengths of 1.344A and 1.600A for 
the double and single bonds respectively show the cyclobutadiene moiety to 
be rectangular in shape (Fig. 1.1 ).1 7 
6 
Figure 1. 1: Illustration of the rectangular nature of uncomplexed 
cyclobutadiene. 
6 
I 
Acyclic organic molecules of the type :CR2 (carbenes) and :CR 
(carbynes) are unstable in the free state but on coordination to transition 
metals form stable alkylidene and alkylidyne complexes. 18 The first low-
valent metal alkylidene (CO)5 W=C(OMe)(Ph) 6 was isolated by Fischer and 
coworkers in 19642 (Eq. 1.3a) and the same group isolated the alkylidyne 
complex (CO)4Cr(Cl)=CPh 7 in 1973 (Eq. 1.3b).3 
W(CO)6 Li Ph ... 
Equation 1.3a. 
_,,,,OMe 
(CO)5Cr=c, 
Ph 
Equation 1.3b. 
l .,......OMe (CO)sW=C......._ Ph 
The carbene carbon atom possesses an empty p-orbital in addition 
to the lone pair in an sp2-hybrid orbital and is therefore electron deficient. 
In (CO)s Cr=C(OMe)(Ph) 8 this deficiency 1s compensated by one of the free 
electron pairs of the oxygen atom and also by back-bonding from filled 
metal d-orbitals. The structure of 8 can therefore be represented as a 
resonance hybrid of 8 and 8 a. 14 The bonding scheme of ligand~ metal cr 
donation supplemented by d1t-1t back donation also stabilizes alkylidyne 
complexes. 1 8 
7 
/ 
I, 
8 8a 
The enormous chemistry of both alkylidene and alkylidyne 
complexes 18, 19 is outside the scope of current work and will not be discussed 
further. However, their synthesis, as with the synthesis of 1 and 4, has 
shown how important the theme of stabilizing highly reactive fragments 
has been in the development of organometallic chemistry. 
1. 2 COORDINATION MODES OF ALKENES AND ALKYNES TO 
TRANSITION METALS 
A description of alkene~ metal bonding in transition metal-olefin 
complexes, first developed by Dewar20 and Chatt and Duncanson2 l in the 
early 1950s, involves both cr and 1t interactions. The alkyne~ metal bonding 
in transition metal-acetylene complexes is similar to that in olefin-metal 
complexes and can also be treated on the basis of the Dewar-Chatt-
Duncanson model. 22 However, alkynes can donate an extra pair of electrons 
to a metal centre, 23 so their bonding will be discussed separately . 
Olefins coordinate to transition metals via a cr-bond formed from 
an overlap of an alkene 1t-bonding molecular orbital with a vacant metal 
d-orbital. A filled metal d-orbital then back-donates electron density into a 
vacant olefin 1t* antibonding orbital, stabilizing the cr-bond. (Fig. 1.2). 
8 
I 
11 
H 
I M. 110 
I 
H 
M+--1t1 I ( a-donation) 
H 
,Moot• 
o-•,o 
H 
Figure 1.2: Schematic illustration of bonding in alkene-metal complexes. 
One consequence of this back-donation is that the alkene 1t * -
orbitals become more populated at the expense of alkene 1t-orbi tals. This 
causes a decrease in bond order, reflected by an increase in C-C bond 
distances and the lowering of u ( C= c) stretching frequencies. Decreases in 
U(C=C) values caused by coordination of alkenes to metal centres puf the 
U(C=C) band in the region (1400-1600cm- 1). However, as the bands are often 
weak they can be obscured, or unable to be differentiated, from other bands 
in the same region. 2 4 
The increase in the C-C bond distances of a coordinated alkene 
ligand relative to the free alkene is clearly seen in the alkene-platinum 
complexes (C2(CN)4)Pt(PPh3)2 9 and (C2H4)Pt(PPh3)2 10. The alkene bond 
length of 1.49(5)A in 9 25 is considerably longer than the C=C bond length of 
1.31A in free C2(CN)4. A smaller increase m C-C bond distances is seen m 
10; 24 the C-C bond distance of 1.434(13 )A m 10 is slightly longer than the 
C=C bond length of 1.335A in free C2H 4. 26 The longer alkene bond length of 9 
can be attributed to the presence of electron-withdrawing CN groups 
increasing back donation of electrons from metal d-orbitals to alkene 1t * 
orbitals. In contrast, the ethylene bond length of 1.37(3)A in Zeise's salt, 
K [ ( C 2 H 4) Pt Cl 3] is very close to that of free ethylene. This is due to the 
9 
/ 
presence of electron-withdrawing chloride ligands reducing back donat ion 
of electrons from metal d-orbitals to ethylene 1t*-orbitals. 
Acetylene molecules have two bonding and two antibondi ng 7t-
orbitals, both of which can interact with metal d-orbitals. One set of orbitals 
lies in the MCC plane and is analogous to the set of orbitals used by the olefin 
in alkene-metal complexes; the other set lies perpendicular to the MCC plane. 
The 1t-bonding orbital overlaps well with metal d-orbitals, thus alkynes can 
behave as either two-electron cr donors or four-electron cr /1t donors (Fig. 1.3 ). 
Alkynes are more likely to behave as four-electron donors to early 
transition metals as these metals have several vacant d-orbitals which 
accept electron density. 
H H 
I 
,Moof• M. !O o-•yo I 
H H 
M f-- 1t1 I ( a-donation) M--+1t·11 (1t• -acceptance) 
H () 
M 
I (I 
H H 
M f-- 7t .1 (1t-donation) M--+1t• .1 (1t• -acceptance ) 
Figure 1.3: Schematic illustration of bonding in alkyne-metal complexes. 
Carbon-13 chemical shifts, 8c, for alkyne carbon atoms give an 
indication of the number of electrons donated by acetylenes coordinated to 
10 
/ 
metals. In general, chemical shifts In the range of 100-140ppm are 
indicative of two-electron donors, whilst those in the range 200-240ppm are 
considered to be characteristic of four-electron donors. 2 7 The alkyne carbon 
atoms of the complex W(CO)(EtC2CEt)3 have oc values of 170.8ppm and 
191.1 ppm, which are outside the range expected for alkyne carbon atoms 
donating either two or four electrons to metal centres. However, if the 
tungsten atom IS to achieve an 18-electron configuration each 3-hexyne 
ligand should, on average, donate 31 /3 electrons to the metal centre and this 
IS reflected in the oc values (0=170.8, 191.1) for the complex.27 
As with olefin complexes, back-donation of electrons from metal 
d-orbitals to alkyne 7t *-orbitals decreases the bond order of the coordinated 
alkyne. In addition to the increase in C-C bond distances and decrease in 
u ( C=C) bands, the substituent groups coordinated to the alkyne carbon atoms 
are bent away from the metal centre. These effects are clearly seen in the 
platinum complex (MeC2Ph)Pt(PPh3)2 11. The alkyne C-C bond length of 
1.277(25)A28 in 11 is longer than the standard C=C bond length of 1.203A, 
and the U(C=C) band (l 756cm- 1) of coordinated 1-phenylpropyne is 478cm- 1 
less than the corresponding value of free 1-phenylpropyne.29 The bend-
back angles (deviation from linearity) for the methyl and phenyl 
substituents of 1-phenylpropyne are 38° and 41° respectively. These bend-
back angles are typically ca. 4 0 ° for alkyne-platinum(0) complexes 
regardless of the substituents on the alkyne carbons. 2 8 
Strong metal~ ligand 1t donation in olefin and acetylene complexes 
creates structures which can best be described as metallacyclopropanes and 
metallacyclopropenes (Fig. 1.4 ). 
1 1 
/ 
II 
I ~M 
(a) alkene~ metal H 
(b) alkyne~ metal H 
..... 
~M 
V 
metallacyclopropane 
metallacyclopropene 
Figure 1.4: Limiting structural representation for olefin- and acetylene-
metal complexes. 
In the metallacycle structural limit the metal-carbon bond lS 
strengthened and the C-C bonds are weakened and elongated. Olefins and 
acetylenes coordinated to metals with a low formal oxidation state are 
predominantly 7t acceptors. However, 1 n most cases where there lS 
sufficiently strong metal-ligand interaction, the metallacycl ic structure can 
represent the nature of the interaction with equal validity. 2 2 , 2 8 
1. 3 CHEMISTRY OF BENZYNE AND SMALL RING CYCLOALKYNES 
The chemistry of small nng cycloalkynes and arynes ( 1,2-
didehydroarenes) has been extensively studied over many years.3 1 , 3 2 
Questions of particular interest in cycloalkyne chemistry have been (a) 
which is the smallest isolable cycloalkyne, (b) how does ring size affect 
physical and chemical properties of cycloalkynes and (c) can the existence 
of species that exist for only a short time be proven. The generation and 
12 
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properties of cycloalkynes and benzyne will be discussed here with 
emphasis on the points raised above. 
The simplest aryne (benzyne, C6 H 4) 12 can be represented in its 
ground state as a resonance hybrid of the cycloalkyne structure 12 a and the 
cumulene structure 12 b. 3 2 
-
-
... 
1 2 12a 12b 
In this simple picture the C 1 - C 2 bond has a bond order of 2.5. 
Therefore, throughout the discussion, benzyne will be referred to not as a 
cycloalkyne, but as an aromatic compound in which there is a weak extra 
bond, as depicted 10 12. 3 2 
Cyclooctyne 13 1s the smallest unsubstituted cycloalkyne to be 
isolated,33 although the seven-membered nng 3,3',7,7'-tetramethylcyclo-
heptyne 14 remains the smallest isolable cycloalkyne.3 4 The transient 
existence of cycloheptyne 15, cyclohexyne 16, and benzyne 12 has been 
established, as has that of the five-membered nngs cyclopentyne 1 7, 
acenaphthyne 18 and norbomyne 19 _31 Cyclobutyne 2 0 and cyclopropyne 
21 remain unknown. 
13 
n = 6, 13 , n = 5, 15 
n = 4, 16 , n = 3, 17 
n=2,20,n=l,21 
14 18 19 
The bond lengths of cyclooctyne 13 and cyclononyne have been 
determined by electron diffraction. The C= C bond length of 13 ( 1.23A) 1s 
slightly longer than that of cyclononyne ( 1.21A).29 Until a few years ago it 
was generally agreed that the C 1-C2 bond length of benzyne 12 is in the 
range 1.22A - 1.25A35, although recent calculations suggest the Cl-C2 bond 
length to be 1.25-1.26A. 3 6 
The C= C-C bond angle in cycloalkynes would be expected to 
decrease with decreasing ring size, thus causing greater strain on C-C bonds 
in small nng cycloalkynes. The electron diffraction study of cyclooctyne 1 3 
and theoretical calculations of non-isolable cycloalkynes show this to be 
true (Table 1.2). 3 l One consequence of this increased strain is that in-plane 
and out-of-plane 1t-orbitals are no longer degenerate, and calculations show 
that in their ground states, cyclohexyne 16 and cyclopentyne 1 7 should be 
considered as highly strained alkynes, having diradical character due to a 
partial breakage of the in-plane 1t -orbit a I. 3 5 This is further illustrated by 
the calculated U(C=C) values of 16 and 17 (Table 1.2). The shift to lower 
frequencies relative to linear alkynes, which generally fall in the range 
2200-2300cm- 1, results from a decrease in the C=C bond order.31 Selected 
structural and spectroscopic data of cycloalkynes and benzyne are given in 
Table 1.2. 
14 
Table 1.2: Calculated structural and spectroscopic parameters for 
cyclooctyne and for non-isolable cycloalkynes. 
Complex d(C=C) A C-C=C Bond Angle (O) 
cyclooctyne 1 3 1.23 2260 / 2206a 158.5 
cycloheptyne 15 2121a 145 .0 
cyclohexyne 16 2003 I 2169b 130.6 
benzyne 12 1.22 - l.25C 2os5d 127.0 
cyclopentyne 17 1828b 116.2 
a. Measured in argon matrix. 
b. Calculated by ab-initio methods. 
c. Most recent calculations suggest d(c.C)=l.25-1.26A. 36 
d. Most recent calculations suggest u(c.c)=1965-2010cm·L 36 
Several methods can be employed to generate both benzyne and 
cycloalkynes;31,32 some of these are shown in Schemes 1.3 and 1.4. One 
method involves the generation of acenaphthyne 18 by irradiation of l ,3-
bis( diazo )-1,2-dihydrophenalen-2-one 1n an argon matrix at low 
temperatures.37 In a similar manner, the cycloalkynes 15, 17 and 19 have 
been synthesised and their infrared U(C=C) bands measured.3 1 However, 
these results are now in question, since it 1s not established whether the 
measured U(C=C) bands are due to the generated cycloalkynes or to additional 
species formed by side-reactions during irradiation.3 6 
15 
Ph 
Ph Br 
Li / Hg 
Ph Br 
Ph 
(a) Reduction of o-dihaloarenes. 
H 
I 
N 
\ 
N-H 
I 
~s~ 
0 0 
(b) Cleavage of ring systems. 
0 
0 
0 
I 
0 
(c) Generation by photolysis. 
Pb(OAc)4 
hu 
Scheme 1.3: Synthetic routes to arynes. 
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Ph 
Ph 
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Br 
Mg 
.. 
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n = 3-5. 
(a) Reduction of 1,2-dibromocycloalkenes. 
HgO 
KOH 
(b) Oxidation of 1,2-bis hydrazones. 
250°C 
0 
-CO 
(c) Pyrolytic nng cleavage. 
Scheme 1.4: Generation of cycloalkynes. 
Although benzyne and small nng cycloalkynes are unstable at 
room temperature, they can be trapped in the form of their Diels-Alder 
adducts by generating the unstable molecules in the presence of a 1,3-
d i en e. 3 1, 3 2 The most widely used dienes for this purpose are 2,5-
di phenylisobenzofuran (D PIBF) and 2 ,3 ,4,5-tetraphenylcyclopen tadienone 
(TPCP). Many cycloalkyne and aryne adducts of these two molecules are 
known (Eq. 1.4).30 Using TPCP to trap cycloheptyne 1S and cyclohexyne 16, 
the kinetic stability of the two cycloalkynes can be determined. 3 8 The half-
lives, one hour at -76°C for 15 and a few seconds at -l I0°C for 16, show just 
how unstable cycloalkyne compounds become when ring size decreases . 
17 
Ph 
Ph 
Ph 
Ph 
Equation 1.4a. 
0 
Ph Ph ©(Br 
Br 
Ph 
Ph 
Ph 
Equation 1.4b. 
Unstable cycloalkynes readily oligomerize when generated at 
room temperature in the absence of a diene trap (Eq. 1.5).31 On heating, 
cyclooctyne 2 undergoes a similar oligomerization reaction, whilst the less 
stable cycloalkyne 3 ,3, 7, 7-tetramethylcycloheptyne 14 dimerizes appre-
ciably if left standing at room temperature.3 1 The oligomerization of 
cyclohexyne has been studied in detail by Wittig and coworkers31 ,3 9 and the 
structures of several cyclohexyne tetramers are known. 
RT, n = 3-5 
0 80 C, n = 6 
Equation 1.5 
18 
Arynes and cycloalkynes readily undergo electrophilic 
additions in a similar manner to acyclic alkynes.3 1,3 2 Such reactions include 
bromination, leading to o -di bromoarenes (Eq. 1. 6a) and 1,2-di bromocyc lo-
alkenes (Eq. 1.6b). The effect of ring strain on the rate of electrophilic 
addition reactions IS demonstrated by the addition of acetic acid to strained 
but isolable cycloalky nes. It has been found that 3 ,3, 7, 7-tetramethy 1-
cycloheptyne 14 reacts 106 times faster with acetic acid than cyclooctyne 1 3 
under similar conditions.3 1 
Br 
Br 
Equation 1.6a 
I 
I 
Equation 1.6b. 
A lowering In energy of the LUMO results from the increased 
strain In small-ring cycloalkynes and arynes, evident from ab-initio 
calculations of frontier molecular orbitals.35 This lowering is due to m1xmg 
of the 1t *-orbital with the a *-orbital, which is slightly higher in energy, 
and results in a strong interaction of a cycloalkyne/benzyne LUMO with the 
HOMO of a nucleophile. This accounts for the fact that strained cycloalkynes 
and arynes readily react with alcohols, water and carbanions (Eq. 1. 7) whilst 
acyclic alkynes do not usually undergo nucleophilic addition. 
19 
OMe 
MeOH 
H 
Equation 1.7. 
Although aryne and small nng cycloalkynes are unstable at room 
temperature, it has been seen that their Diels-Alder adducts are easily 
isolated. Since it is known that metals form stable bonds with various 
alkynes, as discussed in Section 1.2, the ability of metal complexes to stabilize 
arynes and cycloalkynes will now be discussed. 
1.4 CHEMISTRY OF CYCLOALKYNE- AND BENZYNE-METAL 
COMPLEXES 
The ability of transition metals to stabilize small-ring cyclo-
alkynes was first demonstrated by Wilkinson and coworkers 1n 1964.40 The 
reaction of Co2 (CO) 8 with per fl uoro-1,-3-cyclohexadiene at 80° C gives 
Co2(C0)6(C6F6) 23, containing the ligand hexafluoro-1,3-cyclohexenyne, 
which bridges the two cobalt atoms. 
F 
F 
F ~' 
F 
I/' \ 
,, ... ' . ... (C0)3Co--Co(C0)3 
23 
The alkyne~ metal coordination mode of 2 3 is similar to that of 
Co 2 (CO) 6 (Ph C = CPh) in which the coordinated alkyne is acyclic. 4 1 It 
20 
therefore seems reasonable that transition metals known to form stable 
complexes with acyclic alkynes could be used to form metal-cycloalkyne 
complexes. 
1.4.1 Preparation of cycloalkyne-metal complexes 
Cycloheptyne, cyclohexyne, cyclopentyne and substituted 
derivatives of these ring systems have been stabilized by coordination to 
zirconium,42-44 platinum45-47 and palladium45c metal centres. All 
structurally characterized mononuclear cycloalkyne-metal complexes are 
listed in Tables 1.3 and 1.4, together with important structural parameters. 
The chemistry of platinum and zirconium complexes is relevant to the 
research to be described in this thesis and will be discussed in detail here 
and in Section 1.5. The palladium complexes are less stable than those of 
platinum and little is known of their reactivity.4 5 c 
Cycloalkyne-zirconocene complexes (C6Hg)ZrCp2(PMe3) 28 and 
(3,3-Me2C5H4)ZrCp2(PMe3) 29 are formed as shown in Scheme 1.5. Treatment 
of [Zr(Cl)(Me )Cp2] with either 1-cyclohexenylli thium or 3 ,3-dimethyl-1-
cyclopenteny llithi um gives the 1-cycloalkenylzirconocene intermediates 
2 8 a and 29 a, which readily eliminate methane. The resulting coordinati vely 
unsaturated cycloalkyne-zirconocene complexes have not been isolated but 
are trapped by trimethylphosphine (Scheme 1.5). Efforts to synthesize the 
unsubstituted cyclopentyne complex (C5H6)ZrCp2(PMe3) by a similar method 
failed.4 O 
21 
Table 1.3: Selected structural parameters for structurally characterized 
mononuclear cycloalkyne-metal complexes (C7 H 1 o)Pt(PPh3 )2 
24, (C11H 14)Pt(PPh3)2 25,a (C6Hs)Pt(PPh3)2 26, (C6Hs)ZrCp2-
(PMe3) 28, (3,3-Me2C5H4)ZrCp2(PMe3) 29. 
Complex(ref) L CMC (0 ) Bend Back Angle (0 ) 
2445b 
254 7 
2645b 
284 2 
2944 
Me 
1.283(5) 36.5(1) 41.3 (30.6)b 
1.314(20) 37.3(5) 51.6 (39.2)C 
1.297(8) 37.1(2) 52.7 (39.6)b 
1.295(25) 32.1 54.4 (39.6)b 
1.295(6) 34.5 65.6 (63.8)d 
a. C11 H 14 = 4-homoadamantyne (tricyclo[ 4.3. l. l 3• 8]undec-4-yne). 
b. Calculated values for free ligand (see Tab. 1.2, Sect. 1.2). 
c. Calculated value for free ligand (see Ref. 47). 
d. Calculated value for unsubstituted cyclopentyne. 
~ 
THF, -78°C 0 -20 C - RT 
90°C 
~ CI½Zr-1 
Me Me 
... 
28 
Me Me 
Scheme 1.5: Synthetic routes to cycloalkyne-zirconocene complexes. 
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The most convenient synthesis of the cycloalkyne -platinum 
and (C5H6)Pt(PPh3)2 27, is by the reduction of appropriate 1,2-dibromo-
cycloalkenes by 1 % sodium amalgam4 5 -4 7 in the presence of tris-
(triphenylphosphine)platinum (Scheme 1.6). The cycloheptyne complex 2 4 
can also be prepared by mercuric oxide oxidation of 1,2-cycloheptanedione 
bis(hydrazone) in the presence of Pt(PPh3)3, although this procedure gives 
much lower yields of 24.45c 
Br 
Pt(PPh3)3 + 
Br 
1% Na/ Hi-
THF 
Br 
1 %Na/Hg 
~ 
n=5, 24, n=4, 26, n=3, 2 7 
25 
Scheme 1.6: Synthetic routes to cycloalkyne-platinum complexes. 
The formation of (C5H6)Pt(PPh3)2 27 proceeds by 1% sodium 
amalgam reduction of the 1t -complex of 1,2-dibromocyclopentene 
(11 2 -CsH6Br2)Pt(PPh3)2 30a, which itself has been isolated.48 If 30a is 
allowed to stand in solution, it isomerizes to the cis-oxidative addition product 
(C5H6Br)Pt(Br)(PPh3)2 30b, which on heating forms the trans-isomer 30c. 
Neither 30b nor 30c are affected by 1 % sodium amalgam (Scheme 1. 7). 4 8 
23 
27 
1% Na/Hg 
THF 
1% Na/Hg 
THF 
~Br 
~Br 
/IL_~: PPh3 
'\..._)l:"Br PPh3 
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>< 1 % Na/Hg 
THF 
<XBr PPh / 3 
Pt 
/ ' Ph3P Br 
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Scheme 1.7: Mechanism of formation of (C5H6)Pt(PPh3)2 27. 
30b 
The formation of (C6Hs)Pt(PPh3)2 26 and (C7H 1o)Pt(PPh3)2 2 4 
was first thought to proceed via free cycloalkyne, formed on reaction of 1,2-
dibromocycloalkene and 1 % sodium amalgam. The reactive ligand was then 
24 
trapped by Pt(PPh3)2, formed by dissociation of PPh3 from Pt(PPh3)3_45 It is 
now believed that a similar mechanism to that described for the synthesis of 
(C5H6)Pt(PPh3)2 27 operates, although the corresponding intermediate 
1t-complexes have never been isolated or detected. In contrast, the formation 
of (C11 H 14)Pt(PPh3)2 25 is believed to proceed via the free cycloalkyne, as 
control experiments show no evidence for the formation of the 1t - complex 
Table 1.4: Selected spectroscopic data for mononuclear cycloalkyne-metal 
complexes (C7 H 1 o)Pt(PPh3)2 24, (C11 H 14)Pt(PPh3)2 25, (C6H g)-
Pt(PPh3)2 26 and (C5H6)Pt(PPh3)2 27. 
Complex 
24 
25 
26 
27 
O(C=C) (ppm) 
124.0 
139.8 
131.6 
155.5 
1770 
1735 
1721 
1630 
a. t\u(c.q =u(c.q free ligand - U(C•C) coordinated ligand. 
b. i.r. value for 4-homoadamantyne unknown (Ref. 47). 
351 
b 
448, 282 
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1.4.2 Structure and spectroscopy of cycloalkyne-metal complexes 
Cycloalkynes coordinate to metals in a manner similar to acyclic 
alkynes (See Sect. 1.2). The 13 C chemical shifts of the alkyne carbon atoms in 
the cycloalkyne-platinum complexes 24-27 are in the range o = 120-150ppm 
(Table 1.4 ), 45 -4 7 indicating that the cycloalkynes donate two electrons to the 
metal centre. The cycloalkynes of zirconocene complexes 2 8 and 2 9 must 
25 
also be two-electron donors if the 
electron configuration.42.44 
. . 
z1rcon1um metal 1s to achieve an 18-
The C= C bond distances 1n cycloalkyne-metal complexes range 
from 1.28 to 1.32A (Table 1 .4 ). These lengths are longer than the normal C= C 
bond length of 1.203A,35 indicating a high degree of electron back-donation 
from metal d-orbitals to alkyne 1t*-orbitals. The U(C=C) bands of cycloalkyne-
metal complexes (Table 1.4) also show to what extent cycloalkynes are 
modified on coordination to metal centres. In general, u ( C=C) values for 
coordinated cycloalkynes are 150cm- L 6 00c m -1 less than u ( C=C) value for the 
free cycloalkyne.3 5 
A structural feature of cycloalkyne-metal complexes 1s the 
increased bend-back angle (deviation from linearity of the C-C= C bond 
angle) observed for cycloalkynes on coordination to metal centres. The 
increase is believed to be due to metal~ alkyne 1t * back-bonding and the 
difference in bend-back angles, relative to free cycloalkynes, indicates a 
strong cr -7t interaction between the metal and the cycloalkyne. This 
increased back-bonding contributes to the stability of cycloalkyne-metal 
complexes.35,44 The bend-back angle values of cycloalkyne-metal complexes 
are summarized in Table 1.4. 
Thus, for cycloalkyne-metal complexes, the ligand bend-back 
angles increase, u ( c = c) values decrease and C= C bond distances remain 
constant as ring size decreases. This correlates well with the increasing 
metallacyclopropene character of small ring cycloalkyne-metal complexes, 
caused by an increase in back-bonding (Fig. 1.5). 
26 
1-M ... M 
a b 
Figure 1.5: Limiting representations of cyclohexyne-metal complexes. 
However, for small nng cycloalkynes, either representation a H b 
(Fig. 1.5) is suitable when metal-ligand interactions are strong.35 ,42-46 
1.4.3 Synthesis of benzyne-metal complexes 
Aryne-metal complexes have been proposed as intermediates m 
the thermal decomposition of bis( ary 1)- and ( aryl)(methy 1)-deri v ati ves of 
early transition metals and of uranium and thorium.35,46 Mononuclear 
aryne complexes are known for tantalum,49 niobium,49a zirconium,4 3, 5 O 
rhenium,51 ruthenium,52 nickeI,53 and platinum.42, 4 6 All structurally 
characterized mononuclear complexes containing one benzyne moiety are 
listed 1n Table 1.5, together with important structural parameters. The 
synthetic methods and chemistry of benzyne complexes of . . ZlfCOnlUffi, 
platinum and nickel will be discussed 1n detail here and in Section 1.5. 
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Table 1.5: Selected structural parameters for structurally characterized 
* mononuclear mono(aryne)-metal complexes (C6H4)TaCp ( CH 3)2 
31, (C6H4)Ni(dcpe) 32, (C6H4)ZrCp2(PMe3) 33, (C6H4)Ru(PMe3 )4 
34 and (C6H3Me)Re(2-MeC6H4)2(PMe2Ph)2 35 . 
ComplexCref) L CMC (0 ) Bend Back Angle (O)a 
3149b 1.364(5) 38.4 59.5 
3253 1.355(6) 41.7 57.1 
3350a 1.364(8) 35.3 54.8 
3452 1.355(3) 37.78(8) 58.0 
3551 1.342(10) 38.5 
a. Cf. free benzyne value of 53° (Ref. 35). 
The benzyne-zirconocene complex (C6H4)ZrCp2 36 is believed to 
be generated by the thermolysis of diphenylzirconocene at 80°c.so, 54 It can 
be isolated as its trimethylphosphine adduct (C6H4)ZrCp2(PMe3) 33 when 
Ph 2Z rC p 2 is heated in the presence of excess PMe3. This method provides the 
only known means of isolating stable aryne-zirconocene complexes (Scheme 
1. 8). 
. . 
Cp' p 0 PMe3 
Ph2ZrCp2 
80 C, C6D6 DI-ZK:"2 ... ... Zr, 
Cp/ PM~ 
. . 
36 33 
Scheme 1.8: Synthesis of (C6H4)Zr(Cp)2(PMe3) 33. 
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An alternative route to aryne-zirconocene complexes involves 
addition of (aryl)lithium compounds to Cp2Zr(Cl)(Me), followed by the 
elimination of methane from the intermediate Cp2Zr(aryl) compound in the 
presence of PMe3. 5 Oc This procedure closely resembles the synthesis of 
cycloalkyne-zirconocene complexes, already described (see Sect. 1.4.1). The 
unstable intermediate aryne-zirconocene complex Cp2Zr(aryne) can also be 
trapped by ethylene g1v1ng the substituted zirconaindan complex 3 7 
(Scheme 1.9). A similar reaction has been employed to trap 3 6, generated 
from diphenylzirconocene.5 5 
Me Me 
2, ~ 
CP2Zr 
37 
Scheme 1.9: Trapping of aryne-zirconocene complexes by ethylene. 
The benzyne-nickel and platinum complexes (C6H4)ML2 (M=Ni, 
L=PEt3 38a, L=PPr13 38b, L=PCy3 38c, L2=dcpe 32; M=Pt, L=PEt3 39a, L=PPr13 
39b, L=PCy3 39c, L2=dcpe 39d) are formed in a two-step sequence (Scheme 
1. 10). 5 3, 5 6 Oxidative addition of an o -dihalobenzene to an appropriate 
nickel(0) or platinum(0) phosphine complex gives a (2-halophenyl)-
metal(II) halide complex (2-C6 H 4 X) M X ( L 2) which on reduction with sodium 
amalgam gives the required benzyne complex. 
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~:. 11-MLi ... 
X=X'=O,Br 
X = Br, X '= Cl 
X 
1 %Na/Hg, M=Ni 
43%Na/Hg, M=Pt 
... 
x·"' 
MLi 
M=Ni; L=PEt3 38a, PPr13 38b, PCy3 38c, L2=dcpe 3 2 
M=Pt; L=PEt3 39a, PPr13 39b, PCy3 39c, L2=dcpe 39d 
Scheme 1.10: Synthetic routes to benzyne-nickel and platinum complexes. 
The strength of the reductant required to give the benzyne 
complex is greater for platinum than for nickel: 1 % sodium amalgam 1s 
sufficient to reduce nickel(II) complexes whilst 43 % sodium amalgam 1s 
needed to reduce platinum(II) complexes. 5 6 The type of phosphine ligand 
present and the nature of the o -halogeno group affect the synthesis of 
benzyne-nickel and platinum complexes. Complexes of the type (2-C6 H 4 X )-
Ni XL 2 containing either triethylphosphine or triisopropylphosphine can be 
reduced to benzyne complexes whereas (2-halophenyl)metal(II) halide 
complexes containing either trimethylphosphine or triphenylphosphine do 
not form benzyne complexes on reduction with 1 % sodium amalgam. 
Similarly (2-halophenyl)metal(II) halide complexes containing either 
iodine or bromine as the o -halogeno group will give higher yields of 
appropriate benzyne complexes when reduced than those containing 
chlorine or fluorine as the o-halogeno group.5 6 
30 
1.4.4 Structural and spectroscopic properties of benzyne-metal 
complexes 
The coordination modes of benzyne to metal centres are similar to 
those of cycloalkynes (see Sect. 1.4.2). It is assumed that benzyne behaves as 
a two-electron donor to zerovalent nickel and platinum centres on the basis 
that the 1 3 C chemical shift values for the 'acetylenic' carbons are in the 
range o 130-150ppm.53,56 The 13c chemical shift values for the 'acetylenic' 
carbons of (C6H4)ZrCp2cPMe3) 33 (o 155ppm and 174ppm) are slightly 
higher than the expected values for alkynes donating two electrons to a 
metal centre.SO However, for the zirconium metal to achieve an 18-electron 
configuration the benzyne ligand must donate two electrons to the metal 
centre. In contrast the benzyne ligand of the tantalum complex 
(C6H4)Ta(Cp*)(CH3)2 31 behaves as a four-electron donor. Evidence for this 
comes from a l 3 C chemical shift value of o 230ppm for the 'acetylenic' 
carbon atoms.49a 
The 'acetylenic' bond length of coordinated benzyne is generally 
ca. 0.lA longer than the 1.22-1.25A value calculated for free benzyne.35 As 
with cycloalkynes, the U(C=C) values observed in benzyne-metal complexes 
are generally ca. 400cm- 1 less than the U(C=C) value calculated for free 
benzyne. This shift is calculated assuming the U(C=C) value for free benzyne 
is in the range 1965-2010cm-1.36 The decreases in U(C=C) values and the 
elongated 'acetylenic' bond lengths indicate a high degree of back-bonding 
in benzyne complexes. Thus the representation of a and b are equally 
appropriate for the bonding in mononuclear benzyne complexes. 
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1. 5 REACTIVITY OF CYCLOALKYNE AND BENZYNE COMPLEXES OF 
NICKEL, PLATINUM AND ZIRCONIUM 
As already mentioned, benzyne complexes of nickel and platinum, 
containing either trimethylphosphine or triphenylphosphine, cannot be 
prepared by sodium amalgam reduction of (2-C6H4X)M(X)L2 (M = Ni, Pt, 
X = halide, L = PMe3, PPh3 ). Therefore, the range of benzyne complexes 
formed by reduction of metal(II) precursors is limited. However, new 
benzyne and cycloalkyne complexes of nickel and platinum are readily 
synthesized by phosphine substitution, which occurs without cleavage of 
the cycloalkyne-metal bond. 5 6 
The ease of phosphine substitution 1n the benzyne complexes 
(C6H4)M(PPr 13)2 (M=Ni 38b, Pt 39b) depends on the size of the incoming 
phosphine. Less bulky phosphines such as trimethylphosphine and 
dimethylphenylphosphine rapidly displace both PPr13 ligands whereas 
methyldiphenylphosphine and triphenylphosphine can only displace one 
PPri3 ligand, even after prolonged reaction time (Eq. 1.8).5 6 
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containing either trimethylphosphine or triphenylphosphine, cannot be 
prepared by sodium amalgam reduction of (2-C6H4X)M(X)L2 (M = Ni, Pt, 
X = halide, L = PMe3, PPh3 ). Therefore, the range of benzyne complexes 
formed by reduction of metal(II) precursors is limited. However, new 
benzyne and cycloalkyne complexes of nickel and platinum are readily 
synthesized by phosphine substitution, which occurs without cleavage of 
the cycloalkyne-metal bond.5 6 
The ease of phosphine substitution 1n the benzyne complexes 
(C6H4)M(PPr 13)2 (M=Ni 38b, Pt 39b) depends on the size of the incoming 
phosphine. Less bulky phosphines such as trimethylphosphine and 
dimethylphenylphosphine rapidly displace both PPr13 ligands whereas 
methyldiphenylphosphine and triphenylphosphine can only displace one 
PPri3 ligand, even after prolonged reaction time (Eq. 1.8) .5 6 
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Equation 1.8. 
M 
L 
/ 
' L 
PP1\ 
/ 
M 
' L 
Triphenylphosphine can be displaced from (C7H 1o)Pt(PPh3)224 
and (C6Hs)Pt(PPh3)2 26 by the di(tertiary)phosphines Ph2P(CH2)nPPh2 
(n = 2-4), in refluxing benzene.45 ,5 7 Trimethylphosphine also displaces both 
PPh3 ligands of 26 and the species (C6H g)Pt(PMe3)2 41 can be detected in 
solution by its i.r. and 3 1 P { 1 H} n.m.r. spectra. However, on attempted 
isolation of 4 1 a mixed phosphine cycloalkyne complex (C6 H 8) Pt -
(PMe3)(PPh3) is obtained.5 8 
26 
Equation 1.9. 
Ph2P(CH2)nPPh2 
3 hr., C6H6 
Ph2 p' l-f4 (CH2)n \p./ 
Phi 
n=2, 40a 
n=3, 40b 
n=4, 40c 
Despite the range of benzyne and cycloalkyne complexes of group 
10 metals that have been prepared, it is remarkable that analogous benzyne 
and cycloalkyne complexes containing the same tertiary phosphine ligands 
have never been isolated. For example, the benzyne complex (C6H 4)Pt(PEt3)2 
33 
38a is known but (C6Hs)Pt(PEt3)2 is unknown. Similarly, (C6Hs)Pt(PPh3)2 
26 is easily prepared whereas all attempts to make (C6H4)Pt(PPh3)2 have 
failed.5 6 
The cycloalkyne ligand can be displaced from (C6H g)Pt(PPh3) 2 6 
on treatment with the strong 1t -acceptor ligands trifluorophosphine or 
tetracyanoethylene (TCNE), to give Pt(PF3)2(PPh3)2 or Pt(TCNE)(PPh3)2, 
respectively (Scheme 1.11 ), but the fate of displaced cyclohexyne remains 
unknown. 4 5 c Unsuccessful attempts have been made to trap the 
cyclohexyne, presumably liberated in these reactions, with 2,5-diphenyl-
isobenzofuran. No cyclohexyne oligomers were detected 1n these reactions 
in the absence of the trapping agent. The formation of (µ- C 6 H 8) Pt 2-
(C0) 2(PPh3)2 42 from the reaction of CO with 26 also requires elimination of 
cyclohexyne 1n some form (Scheme 1.11) but again the fate of displaced 
cyclohexyne remains unknown. 4 5 c 
TCNE 
Pt(TCNE)(PPh3)i 
Ph3P' /PPh3 
Pt-Pt 
oc/ 'co 
42 
Scheme 1.11: Reactions of (C6Hs)Pt(PPh3)2 26 with strong 1t-acceptors. 
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Many small unsaturated molecules containing carbon-carbon or 
element-carbon multiple bonds, such as aldehydes, nitriles and alkynes, 
readily insert into the benzyne-metal and cycloalkyne-metal bonds of the 
zirconocene complexes (C6H4)ZrCp2(PMe3) 33,50 (C6Hg)ZrCp2(PMe3) 28 42 
and (3,3-Me2C3H4)ZrCp2(PMe3) 29,44 giving metallacyclic complexes from 
which organic fragments are easily liberated by acid. Reactions of this type 
have proven useful in organic synthesis, an example being the synthesis of 
the tricyclic ketone from the reaction of 2 9 with cyclopentene and carbon 
monoxide (Scheme l.12).4 0 
Me Me 
Cp:iZr-1 
I 
PM~ 
29 
1,0 Me 0 
2,CO 
Scheme 1.12: Insertion of unsaturated molecules 1n benzyne- and 
cycloalkyne-zirconocene bonds. 
Carbon dioxide and dimethyl acetylenedicarboxylate readily insert 
into the benzyne-metal bond of (C6H4)Ni(dcpe) 32 at room temperature to 
give the nickelacycles (O(O)CC6H4-o)Ni(dcpe) 43 and (C(CO2Me)=C(CO2Me)-
C6H 4-o )Ni(dcpe) 44_53 Ethylene also inserts at 80°C giving (CH2CH2-
C6H4-o)Ni(dcpe) 45 whose structure has been determined by X-ray 
crystallography (Scheme 1.13).5 3 
35 
43 
45 
32 
Me 
52 49 
Scheme 1.13: Reactivity of (C6H4)Ni(dcpe) 32. 
Little is known of the reactivity of benzyne-platinum complexes 
toward insertion; however, the cyclohexyne complex (C6H g)Pt(PPh3)2 2 6 
seems to be rather inert toward small molecules. So far, methyl vinyl ketone, 
methyl acrylate, acrylonitrile and acrolein are the only molecules that have 
been found to insert into the cycloalkyne-metal bond of 2 6 .5 9 Unsuccessful 
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attempts have been made to insert the linear alkynes 3-hexyne, l-phenyl-1-
propyne and dimethyl acetylenedicaboxylate, and also carbon disulfide, into 
the cyclohexyne-platinum bond of 26.45c tert-Butylisocyanide (ButN C) 
initially displaces one PPh3 ligand from 26 to give (C6Hs)Pt(PPh3)(CNBut) 
4 6 a which reacts further with But NC forming the insertion product 
I I 
C(CH2)4CC(=NBul)Pt(PPh3)(BulNC) 46b (Scheme 1.14).45c 
NBut 0 PPh3 BuNC 0 PPh3 BuNC II 
~i{ ~p{ ... ... \ 
PPh3 CNBut Pt-PPh3 \ 
CNBut 
26 46a 46b 
Scheme 1.14: Reactivity of (C6Hs)Pt(PPh3)2 26 with tert-butylisocyanide 
(BulNC). 
(PM e 3) are very sensitive to protonic solvents, reacting readily with 
methanoI.53,56 The methoxide complexes (C6Hs)Zr(OMe)Cp2 and (C6Hs)Pt-
(0Me)(dcpe) can be isolated, but complexes of the type (C6 H 5) M ( 0 Me) -
(PPr13)2 (M=Ni, Pt) are unstable at room temperature. The platinum complex 
(C6H5)Pt(OMe)(PPri3)2 decomposes by elimination of formaldehyde, giving 
trans-(C6Hs)Pt(H)(PPri3)2 47, whereas (C6Hs)Ni(OMe)(PPri3)2 eliminates 
benzene giving the aldehyde complex (T12-H2C=O)Ni(PPri3)2 48 (Scheme 
1. 15). 
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/Pl¥3 
M 
' . PPr13 
M = Pt, 
MeOH 
M = Ni, 
EtOH 
PP1\ 
I 
Pt-H 
I . 
PPr\ 
CH3Y-H ~ /pp 3 
-Ni 
' . 0 PPrl3 
Scheme 1.15: Reactivity of (C6H4)M(PPr 13)2 (M=Ni, Pt) with methanol. 
On reaction of the cycloalkyne complexes (C6Hs)PtL2 (L2=dppe, 
dppp, dppb) with methanol, the expected methoxide products (C6H 9)Pt-
(OMe)L2 are obtained (Eq. 1.10).45c,57 The methoxide complex (C6H9)Pt-
(OMe)(PPh3)2, presumed to be formed by the reaction of (C6Hs)Pt(PPh3)2 2 6 
with methanol, eliminates formaldehyde, g1v1ng trans-(C6Hs)Pt(H)-
(PPh3)2.45 C 
40a 
Equation 1.10. 
Benzyne- and cycloalkyne-zirconocene complexes behave 
differently from benzyne and cycloalkyne complexes of nickel and platinum 
in their reactions with weak carbon acids. The complex (C6H4)Ni(dcpe) 32 is 
38 
protonated by acetonitrile g1v1ng (C6H5)Ni(CH2CN)(dcpe) 49 (Scheme 
1. 13), 3 5 whereas CH3 CN inserts into the benzyne-zirconium bond of 
(C6H4)ZrCp2(PMe3) 33 giving (N=C(CH3)C6H4-o )Zr(Cp)2.50 Similarly, acetone 
inserts into (C6Hg)ZrCp2(PMe3) 28 giving (C(CH2)4CC(CH3)20)Zr(Cp)2 50 42 
(Eq. 1.1 la) but protonates (C6H g)Pt(dppe) 40a in the presence of water at 
28 
Equation 1.lla. 
40a 
Equation 1.llb. 
y Me 
0 
y 
0 
o, 
CP2Zr 
I 
PM~ 
51 
Electrophiles such as methyl iodide and iodine add to cyclo-
alkyne-platinum complexes60 and also to (C6H 4)Ni(dcpe) 32. 5 3 The reaction 
of methyl iodide with 32 gives Nil(C6H4Me-2)(dcpe) 52, together with small 
amounts of (C6H 5)Ni(l)(dcpe) and Nil2(dcpe), whereas the reaction of 3 2 
with iodine gives Nil(C6H4l-2)(dcpe) 53 as the only product.5 3 
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The reaction of (C7H 1o)Pt(PPh3)2 24 and (C6Hg)Pt(PPh3 )2 26 with 
methyl iodide involves oxidative addition of substrate to the metal atom, 
followed by migration of the methyl group to the cycloalkenyl ligand to give 
2-methylcycloalkenyl complexes, for example S 4 (Eq. 1.12). The oxidative 
addition product from reaction of methyl iodide and 2 6 can be isolated and 
this rearranges to 54 in dichloromethane (Eq. 1.12).35,60 
... 
Equation 1.12. 
Me 
PPh3 / 
Pt, 
Ph P/ I 
3 
54 
Iodine reacts similarly with 2 4 and 2 6 to give trans - 2 -
iodocycloalk-1-enyl complexes, for example S S (Eq. 1.13), but 
(C7H 1o)Pt(dppe) and (C6Hg)Pt(dppe) 40a both give Ptl2(dppe) on reaction 
with iodine.6 0 
26 55 
Equation 1.13. 
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1.6 AIMS OF CURRENT WORK 
As discussed in Section 1.5, cycloalkyne- and benzyne-zirconocene 
( C 6 H 4) Zr C p 2 (PM e 3) 3 3 readily insert unsaturated molecules into their 
cyclohexyne-zirconium bond, whereas the cyclohexyne-platinum complex 
(C6H s)Pt(PPh3)2 26 is rather inert toward insertion reactions. This may in 
part be due to the presence of bulky triphenylphosphine ligands shielding 
the cyclohexyne-platinum bond from attack. Therefore, one aim of the 
present study was to synthesize new cyclohexyne-platinum complexes 
containing di(tertiary)alkylphosphine ligands and to investigate their 
reactivity, especially toward unsaturated molecules. 
Only two cyclohexyne-nickel(0) complexes, (C6Hs)Ni(PPh3)2 5 6 
(Scheme 1.16) and (C6H g)Ni(dppe) 57, have been prepared and little is 
known of their reactivity.61 All attempts to prepare analogous 
cycloheptyne61 and cyclopentyne62 complexes of nickel(0) have failed. 
These results are understandable given that acetylene-platinum complexes 
are much easier to isolate than analogous nickel complexes. 6 3 However the 
synthesis of 5 6 and 5 7 indicates that cycloalkynes can be stabilized on 
nickel-phosphine moieties. 
Br 
Br 
1% Na/ Hg 
Scheme 1.16: Synthesis of (C6Hs)Ni(PPh3)2 56. 
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-Ni 
56 
' PPh3 
Another aim of the current investigation was to synthesize 
cycloalkyne-nickel complexes, containing various monodentate and 
bidentate phosphine ligands. It was planned to compare these complexes 
with cycloalkyne-platinum and benzyne-nickel complexes previously 
synthesized. The reaction of cycloalkyne-nickel complexes with alkenes or 
alkynes might result 1n the cyclooligomerization of the unsaturated 
molecule, or in co-oligomerization of the cycloalkyne and the entering 
unsaturated molecule. The ability of zerovalent nickel complexes to catalyze 
reactions of this type is well documented, although the exact mechanism of 
the reactions is not clear (Scheme 1.17). 6 4 
R 
R R )· RO:CR RO:CR + LnNi ... _:Ni ... 
R R 
R R 
R R RC-=CR 
R R R R R 
R R ~ ~ R R 
R R RC=<R R 
R R R 
Scheme 1.17: Proposed mechanism for the cyclooligomerization of 
alkynes by nickel complexes. 
Diphenylacetylene cyclool igomerizes on reaction 
Ni 
R 
with 
(C6H4)Ni(dcpe) 32 in benzene-d6 at 80°C. The complex (PhC2Ph)Ni(dcpe) can 
42 
also be detected in this reaction, but the fate of the benzyne molecule 
remains unknown.5 3 We also wanted to investigate whether cycloalkyne-
nickel complexes would allow insertion of alkynes into their cycloalkyne-
nickel bonds or whether they would catalyze cyclooligomerization reactions. 
43 
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CHAPTER TWO 
THE INFLUENCE OF DI(TERTIARY)PHOSPHINE LIGANDS ON 
THE REACTIVITY OF CYCLOHEXYNE-PLA TINUM COMPLEXES 
2.1 INTRODUCTION 
Unsaturated molecules such as ethylene and benzonitrile readily 
insert into the cycloalkyne-zirconium bonds of (C6Hs)ZrCp2(PMe3) 28 1 and 
(3,3-Me2C5H4)ZrCp2(PMe3) 29,2 as described in Section 1.5. Similar insertion 
reactions are rare for the cyclohexyne-platinum complex (C6Hs)Pt(PPh3)2 
26; the a,~-unsaturated compounds methyl vinyl ketone, methyl acrylate and 
acrolein (Eq. 2. 1)3 are the only molecules so far known to insert into the 
cyclohexyne-platinum bond of 2 6. Other unsaturated molecules such as 
carbon disulfide and dipheny !acetylene are reported not to react with 2 6. 4 
26 
Equation 2.1. 
~o 
R 
R = H, Me, OMe 
This lack of reactivity may be due to the nature of the stabilizing 
phosphine in these complexes. Cyclohexyne-platinum complexes described 
thus far all contain (tertiary)aryl or di(tertiary)arylphosphine ligands3, 5 
(Fig. 2.1) and the presence of bulky phenyl groups may prevent access of 
the incoming molecules to the Pt-C bond of 26. This claim is supported by the 
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reaction of 26 with tert-butylisocyanide (ButNC) (see Sect. 1.5). The initial 
reaction involves displacement of one triphenylphosphine ligand from 2 6 
by a BulNC molecule. The presence of a less bulky BulNC ligand could then 
allow a second BulNC ligand access to the cyclohexyne-platinum bond giving 
the insertion product {C(CH2)4CC(=NBul)}Pt(PPh3)(ButNC)3. 
Ph2 Ph2 
PPh3 1P\ p 
-~) I-~ I-Pt (CH2ln \PJ PPh3 p 
Ph2 Ph2 
26 n=2, 40a 40d 
n=3, 40b 
n=4, 40c 
Figure 2.1: Isolated cyclohexyne-platinum complexes. 
This chapter describes the synthesis of new cyclohexyne 
complexes containing di(tertiary)alkylphosphine ligands. These ligands 
were chosen on the premise that the presence of less bulky methyl or ethyl 
groups on the phosphine ligands might allow easier access of unsaturated 
molecules to the cyclohexyne-platinum bond. The new complexes are 
compared with previously made cyclohexyne-platinum complexes with 
respect to their reactivity toward weak acids, such as methanol, and 
especially toward small unsaturated molecules. 
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2.2 RESULTS 
2.2.1 Synthesis of new cyclohexyne-platinum(0) complexes 
The complex (C6H g)Pt(PPh3)2 26 reacts with the di(tertiary)-
alkylphosphine ligands 1,2-bis(dimethylphosphino)ethane (dmpe),6 1,2-
bis( diethylphosphino )ethane ( depe) and 1,2- bi s(dic yclohe xy I phosphi no)-
ethane (dcpe) in refluxing benzene, g1v1ng the new cyclohexyne complexes 
(C6Hs)Pt(P-P) 59a-c in yields of 70-80% (Scheme 2.1). Complexes 59a-c are 
isolated as cream, air-stable powders and are stable in solution in an inert 
atmosphere. 
26 
R2PCH2CH2PR2 
1 hr., Q;H6 
Scheme 2.1: Formation of (C6H g)Pt(P-P) complexes 59a-c. 
R2 
p 1-~J 
p 
R2 
R=Me, 59a 
R=Et, 59b 
R=Cy, 59c 
Complex 26 also reacts with an excess of the monodentate tertiary 
phosphines, triethylphosphine (PEt3) and tricyclohexylphosphine (PCy3) 
without breaking the cyclohexyne-platinum bond (Scheme 2.2). Both PPh3 
ligands are displaced by PEt3, giving (C6Hs)Pt(PEt3)2 60, whereas PCy3 only 
displaces one PPh3 ligand, even at 80° C, g1v1ng the mixed phosphine 
complex (C6Hs)Pt(PPh3)(PCy3) 61. These complexes were identified in situ 
and no attempts were made to isolate them. The spectroscopic data for the 
new complexes are collected in Table 2.1. 
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+ PEt3 
26 
60 
I /PCy3 I -Pt 
' PPh3 
61 
Scheme 2.2: Displacement of triphenylphosphine from (C6H g)Pt(PPh3)2 
26 by trialkylphosphines. 
Like their dppe, dppp and dppb analogues,5 complexes 59a-c show 
a strong band in their infrared spectra at ca. l 700cm-1, assigned as the C= C 
stretching frequency modified by coordination. The u ( C=C) values of 5 9 a - c 
are ca. 30cm- 1 lower than the U(C=C) value of 1725cm- 1 observed for 
(C6Hg)Pt(PPh3)2 26. This decrease is likely to occur because the electron 
donating di(tertiary)phosphine ligands of 59a-c increase back donation of 
electrons from metal d-orbitals to alkyne 1t * orbitals thus resulting in a 
lowering of the C=C bond order. The 3lp{ lH} n.m.r. spectra of 59a-c each 
show a singlet with l95Pt satellites. The 1JPt-P values of ca . 3000Hz are about 
200Hz less than 11Pt-P values of previously synthesised analogues. 5 A 
resonance at ca. o 140ppm in the 13c { 1 H} n.m.r. spectra of both 59 b and 5 9 c 
is due to the two coordinated cycloalkyne carbon atoms. In each spectrum 
the signal appears as a symmetrical five-line multiplet, the second and 
fourth lines being the most intense (Fig. 2.2). The appearance is typical of 
an AA'X (A=P, X=C) spin system, the separation of the outer lines, which 
equals the sum of the two 2Jp_c couplings being ca. 120Hz. A similar pattern, 
with 195 Pt satellites, is observed in the 13c { lH} n.m.r. spectra of complexes 
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of the type (PhC2Ph)Pt(PPh3)27 although l95pt satellites were not detected 
in the spectra of 5 9 b and 59c due to the weak signal. 
119Hz. 
) 
I I 11 I I I 11 I I I 11 I I I I ' I I I 11 I I I I ' I I I 11 I I I I 
141 140 139 PPM 138 
Figure 2.2: l3c{ 1H} n.m.r. spectrum of (C6Hs)Pt(dcpe) 59c showing five-
line pattern of an alkyne-carbon resonance. 
The complexes (C6Hs)Pt(PEt3)2 60 and (C6Hs)Pt(PPh3)(PCy3) 61 
are identified on the basis of 3 1 P { 1 H} n.m.r. and i.r. spectroscopic data, the 
results being summarized in Table 2.1. The 3 1 P { 1 H} n.m.r. spectrum of 6 0 
consists of a singlet with 195 Pt satellites; that of 61 displays two doublets, 
both with 195 Pt satellites, due to the inequivalent phosphorus atoms. A 
2JP1-P2 value of 26.3Hz is observed. A strong band in the i.r. spectra of 60 and 
61 at ca. 1700cm-1 is attributed to the C=C stretching frequency. 
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TABLE 2.1: Selected 3 1 P { 1 H} n.m.r., 13 C { 1 H} n.m.r. and 1.r. spectroscopic 
data for cyclohexyne-platinum(O) complexes (C6 H g)PtL2. 
31 P chemical shifts (op) measured in CD2Cl2 are in ppm to high frequency of 
85% H3P04 (positive); coupling constants J are in Hz. 
13 C chemical shifts (oc) measured in CD2Cl2; infrared (KBr) umax in cm- 1 
unless otherwise stated. 
L2 Compound Op (11Pt-P) oC-==C U(C=C) 
dmpea 59a 
depe 59b 
dcpe 59c 
2 PMe3,a 41 
2 PEt3 60 
PPh3, PCy3 6 1 
a. Synthesized by H.G. Fick.8 
b. 2Jp_c + 2Jp·-c = 118Hz. 
c. 2Jp_c + 2Jp•_c = 119Hz. 
d. Measured in situ, in C6D6. 
16.3 (2944) 
51.2 (2963) 
68.6 (3015) 
-30. 7 (3 l 98)d 
13.5 (3273)d 
P 1 g 29.1 (3498) 
P2& 37.6 (3477) 
139. 7b 
139.5C 
n.o.e 
n.o.e 
n.o.e 
e. Not observed due to overlapping resonances due to free PPh3. 
f. Measured in situ in C6D 6 solution. 
g. JP1-P2 = 26.3Hz. 
2.2.2 Preparation of new 11 l-cyclohexen-l-yl-platinum(II) 
complexes 
1695 
1687 
1690 
111of 
1105[ 
1115[ 
Like their aryl ditertiary phosphine analogues,3,5 the complexes 
5 9 b-c react with a variety of weak acids. The 31 P { 1 H} n.m.r. spectra of new 
complexes of the type (C6H 9 )Pt(X)(P-P) are therefore quite similar to those 
previously obtained.5 Throughout the discussion the phosphorus atoms of 
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i 
I 
I 
I 
(C6H9)Pt(X)(P-P) are referred to as P1 and P2, P1 being the phosphorus atom 
coordinated trans to the anionic ligand X and P2 being the phosphorus atom 
coordinated trans to the cyclohexenyl ligand (see Fig. 2.3). The spectroscopic 
data for the new complexes are summarized in Tables 2.2 and 2.3. 
H 
E~ /PJ 
/\ 
X P2 
Et,i 
Figure 2.3: Assignment of P1 and P2 in Tl 1-cyclohexen-1-yl-platinum(II) 
complexes. 
The nature of the ligand X can greatly affect 1 J Pt-P 1 values. It has 
been found that 1 JPt-Pt 1s proportional to the s-character of the orbital used 
by platinum(II) in bonding to that phosphorus atom.8 Thus a ligand trans to 
phosphorus which makes a high demand on Pt 6s-character will give a low 
11Pt-Pt value and vice-versa. Oxygen- and sulfur-donor ligands such as Meo-
and SPh-, and c1- make a low demand on Pt 6s-character and therefore high 
11Pt-Pt values (3000-4500Hz) are observed in the complexes (C6H9)Pt(X)(P-P) 
(X = SPh, OH, etc.).5,9 However, anionic ligands which coordinate to platinum 
through a er-bound carbon atom, for example X = (CH2 C N) -, make a high 
demand on Pt 6s-character and thus the 1 J Pt-P 1 values generally lie between 
1500 and 2500Hz.5,9 
A trans-influence senes, outlining the effect of vanous an1on1c 
ligands, X, on 11Pt-Pt values in complexes of the type (C6H9)Pt(X)(P-P) has 
been described.5 The order of trans-influence is Cl < OH < OMe < SPh < CH2CN < 
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I 
I 
I 
l 
CO 2Me < Me < Ph. The senes 1s independent of the di(tertiary)phosphine 
present and agrees well with established trends.5, 9, 10 Therefore, as the 
31 P { 1 H} n.m.r. spectra of new complexes of the type (C6H 9)Pt(X)(P-P) are 
similar to those previously obtained, reference will be made to this trans-
influence series when characterizing new 11 1-cyclohexen-1-yl-platinum(II) 
complexes. 
The cyclohexyne-platinum species (C6 Hg )Pt(depe) 5 9 b and 
(C6Hg)Pt(dcpe) 59c are readily protonated by water and by methanol to give 
11 1-cyclohexen-1-yl-platinum(II) hydroxo and methoxo complexes (C6H 9)Pt-
(OH)(depe) 62a, (C6H9)Pt(OH)(dcpe) 62b, (C6H9)Pt(OMe)(depe) 63a and 
(C6H9)Pt(OMe)(dcpe) 63b (Scheme 2.3). The methoxo complexes readily form 
the hydroxo complexes in contact with water and, despite rigorous efforts to 
exclude water from the reactions of 5 9 b-c with methanol, the hydroxo 
complexes were always present. The ratio of methoxo to hydroxo complexes 
was determined by 31 P { 1 H} n.m.r. spectroscopy as ca. 5: 1. Efforts to separate ' 
mixtures of 6 2 a and 6 3 a by fractional crystallization were unsuccessful and 
therefore the methoxo complexes 63a-b were characterized in situ. 
The 31 P { 1 H} n.m.r. spectra of 62a-b and 63a-b each consist of 
two singlets, both with l 95pt satellites, the 11Pt-P values being ca. 3400Hz and 
ca. 1700Hz. These values are similar to those obtained for previously known 
11 l -cyclohexen- l-yl-platinum(II) hydroxo complexes.5 The spectra of the 
hydroxo complexes 6 2 a and 6 2 b measured in wet benzene-d6 show a 
significant (ca. 300Hz) increase in 1 J Pt-P 1 values. This change is believed 
due to the formation of the ionic species [(C6H9)Pt(H2O)(P-P)][OH] In 
solution. The influence of coordinating solvents In hydroxo-platinum 
species is well documented, 11-13 so the formation of Pt(II) aquo species in 
wet solutions is not suprising. The weakly bound aquo ligand makes less 
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demand on Pt 6s-character than the hydroxo ligands, hence the increase in 
1 J Pt-P 1 values can be easily explained. 
... 
59b 
MeOH/CO 
H 
CD 
64 
H 
Et2 
Pt/) 
HO/ 'P 
Eti 
62a 
MeOH 
63a 
Scheme 2.3: Reactivity of 5 9 b toward water and methanol. 
The 1 H n.m.r. spectra of 62a-b and 63a-b each show a doublet 
(4Jp_H ca. 5Hz) with 195pt satellites, 3JPt-H ca. 60Hz, at ca. 5.6ppm due to the 
vinylic proton on the cyclohexenyl ligand. A resonance due to the hydroxo 
protons could not be detected in the spectra of 62a-b but, 1n the spectrum of 
63a there is a resonance due to the methoxo protons at ca. 4.0ppm. This 
resonance appears as a doublet with 195Pt satellites, 21Pt-H=47Hz, 3Jp_H=5Hz. 
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An oily solid separates from a solution of 6 2 a 1n diethyl ether at 
- 7 8 o C. The 3 1 P { 1 H} n.m.r. spectrum shows that the solid is probably 
[ ( C6 H 9) Pt(H 2 O)(depe) ][OH], and microanalysis (C,H) 1s consistent with this 
formualtion. Despite heating zn vacuo for four hours the water molecule 
could not be removed from the oily solid. 
TABLE 2.2: 31 P { 1 H} n.m.r. spectroscopic data for cyclohexenyl-
platinum(II) complexes (C6H9)Pt(X)(depe), (P1 =trans to X). 
31 P chemical shifts (op) measured in CD2Cl2 unless otherwise stated are in ppm 
to high frequency of 85% H3PO4 (positive); coupling constants J are in Hz. 
X Compound 
OHa,b (62a) 34.6 (3479) 50.9 (1709) 
35.4 (3767)C 50.1 (1697)C 
OMea,d (63a) 35.5 (3397) 51.5 (1706) 
C02Me (64) 43.5 (1870) 49 .0 (1596) 
SPh (65) 45.9 (3102) 41.6 (1636) 
CH2COCH3 (66) 47.5 (2406) 49.6 (1636) 
CH2CN (67) 47.0 (2404) 47.4 (1596) 
a. Measured in C6D 6· 
b. Values for (C6H9)Pt(OH)(dcpe) 6P 1= 44.2 (3403Hz), 6P2 = 60.2 (1739Hz). 
6P1= 43.8 (3782Hz), oP 2 = 60.4 (1716Hz) measured in situ, in the presence of 
wet c~6-
c. Measured in situ, in the presence of wet C6D6. 
d. Values for (C6H9)Pt(OMe)(dcpe) oP 1= 44.9 (3532Hz), oP2 = 62.9 (1708Hz). 
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A characteristic reaction of platinum(II)-methoxo complexes 1s 
that they readily insert carbon monoxide into their platinum-oxygen bonds 
at room temperature and pressure to form metalloesters.5 Complex 63a 
reacts with carbon monoxide in this way and (C6H9)Pt(COOMe)(depe) 64 can 
be isolated 1n ca. 70% yield (Scheme 2.3). As expected, the 3 1P{ 1H} n.m.r. 
spectrum of 64 shows two singlets, each with l 95Pt satellites. The 11Pt-Pt 
value of 1870Hz indicates that the ligand coordinates to platinum via a 
a-carbon bond. The methyl ester resonance appears at o 3.8ppm in the 1 H 
n.m.r. spectrum of 64 and the i.r. spectrum of the complex shows bands at 
162 5 cm - l and 1050cm- 1 , due to C=O and C-O stretching frequencies 
respectively. The spectroscopic data of 64 are summarized in Tables 2.2 - 2.3. 
TABLE 2.3: Selected 1 H n.m.r. (CD2Cl2) and i.r. (KBr) spectroscopic data 
for cyclohexeny 1-platinum(II) complexes (C6 H 9 )Pt(X) ( de pe). 
Coupling constants J measured in Hz. 
X Compound OH(other) Umax(cm- 1) 
owi (62a) 5.8 (60, 10) b 
OMea (63a) 5.4 (69, 10) 4.0(d) (OMe) 
21Pt-H=47Hz, 3 Jp_tt=5Hz 
CO2Me (64) 5.9 (70, 9) 3.8(s) (OMe) U(C=Or 1630 
u<c-or 1050 
SPh (65) 5.7 (54, 7) 7.5-8.0(m) (SPh) ucPh-sr 1515 
CHiCQCH3 ( 6 6) 5.3 (56, 8) 2. 7(s) (Pt-CH 2) U(C=Or 1621 
2J(Pt-H)=l02 
CH2CN (67) 5.6 (62, 8) U(C=Nr 2190 
a. Measured in C6D 6· 
b. U(O-H) not detected. 
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Thiophenol, acetone and acetonitrile also protonate S 9 b (Scheme 
2.4). The products (C6H9)Pt(SPh)(depe) 65, (C6H9)Pt(CH2COCH3)(depe) 66 and 
(C6H9)Pt(CH2CN)(depe) 67 are spectroscopically similar to previously known 
Pt(II) analogues,5 each showing two singlets with l 95pt satellites in their 
3lp{1H} n.m.r. spectra. The lJPt-Pl values (ca. 240GHz) for 66 and 67 indicate 
that the ligands (CH2 COCH 3 )- and (CH2 C N )- coordinate to platinum via a 
a-carbon bond, whereas the sulfur bound ligand of 6 5 exhibits, as expected, 
a weak trans-influence on the Pt-P 1 bond indicated by a 11Pt-Pl value of 
3102Hz. 
H 
Et,i Et2 p p 
1-\) HR /\) -p R p 
Et,i Et2 
59b 65, R = PhS 
66, R = CH2COCH3 
67, R = CH2CN 
Scheme 2.4: Reactivity of (C6Hs)Pt(depe) 59b toward thiophenol, acetone 
and acetonitrile. 
Doublets at o ca. 5.5ppm, each with 195Pt satellites, in the 1 H n.m.r. 
spectra of 65-67, are due to the vinylic protons on the cyclohexenyl ligands. 
Typical S-Ph, C=O and C=N stretching frequencies of 1575cm- 1, 1600cm- 1 and 
2190cm- 1 respectively, are observed in the i.r. spectra of 65-67. Selected 
spectroscopic data of 65-67 are shown in Tables 2.2 and 2.3. 
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2.2.3 Insertion of unsaturated molecules into cyclohexyne-
platinum bonds 
Ca) Carbon disulfide, carbon dioxide, dimethyl acetylenedicarboxylate 
Carbon disulfide, carbon dioxide, and dimethyl acetylene-
dicarboxylate insert, within four hours, into the cyclohexyne-platinum 
bonds of (C6H g )Pt(depe) 5 9 a and (C6 Hg )Pt(dmpe) 59b in THF at room 
temperature (Scheme 2.5). The products { C(CH2)4 CC( S )S} Pt(P-P) (P-P=dm pe 
68a, depe 68b), {C(CH2)4CC(O)O}Pt(P-P) (P-P=dmpe 69a, depe 69b), and 
{ C(CH2)4CC(CO2Me)=C(CO2Me) }Pt(P-P) (P-P=dmpe 70a, depe 70b) are isolated 
as orange solids, (or cream in the case of 6 9 a - b), in 60-80% yields. The 
insertion products {C(CH2)4CC(S)S}Pt(dcpe) 68c, {C(CH2)4CC(O)O}Pt(dcpe) 
69c and {C(CH2)4CC(CO2Me)=C(CO2Me)}Pt(dcpe) 70c are obtained from 
reactions of (C6 Hg )Pt(dcpe) with carbon disulfide, carbon dioxide and 
dimethyl acetylenedicarboxylate? respectively. These reactions are slower 
than those of 5 9 a and 59b and several uncharacterized by-products are also 
formed. These could not be separated from the desired insertion products 
despite attempts to fractionally crystallize the insertion products at low 
temperatures. Therefore 6 8 c, 69c and 70c could not be isolated 
analytically pure. 
Like (C6Hs)Pt(PPh3)2 26,4 the complex (C6Hs)Pt(dppe) 40a does 
not react with carbon disulfide, even after prolonged heating. Both 2 6 and 
4 0 a are also unaffected by carbon dioxide, even after several days in 
solution. Complex 40a is recovered quantitatively from solutions containing 
dimethyl acetylenedicarboxylate after 72hr at 80°C, although the solution 
turns red during this time. In contrast to a previous report,4 2 6 does react 
with dimethyl acetylenedicarboxylate under similar conditions. The red 
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solution obtained from this reaction 1s shown by 31 P { 1 H} n.m.r. spectroscopy 
R=Me 59a, Et 59b, Cy 59c 
s 
s 
I 
Pt 
RP/ 'PR 2\__J 2 
R=Me 68a, Et 68b, Cy 68c 
R=Me 69a, Et 69b, Cy 69c 
0 
R=Me 68a, Et 68b, Cy 68c 
+ 
R=Et71 
Scheme 2.5: Reactivity of complexes of the type (C6H g)Pt(P-P) with CO2 , 
CS2 and Me02CC=CC02Me. 
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The insertion of carbon dioxide into S 9 b is accompanied by the 
formation of the bicarbonate complex (C6H9)Pt(OCO2H)(depe) 71 (Scheme , 
2.5). This complex is presumably formed by protonation of S 9 b by traces of 
water in carbon dioxide, followed by insertion of carbon dioxide into the 
platinum-oxygen bond of (C6H9)Pt(OH)(depe) 62a. Reactions of this type are 
known for several hydroxo-platinum(II) complexes.13 Efforts to remove 
water by passing the gas through 3A molecular sieves at -78°C improved the 
yield of 6 9 a, but failed to completely eliminate formation of 71. Attempts to 
separate 6 9 a from 71 by fractional crystallization failed. 
The 31p{ lH} n.m.r. spectra of 68a-c, 69a-c and 70a-c each show 
two resonances, both with l 9 5 Pt satellites. The resonances appear as doublets 
in the spectra of 68a, 68b and 70c, 2Jp1.p2 values being ca. 5Hz, whilst in all 
other spectra the resonances appear as singlets. The observed 11Pt-P values 
(Table 2.4) in the spectra of 6 8 a - c and 6 9 a -c are consistent with the 
presence of sulfur- or oxygen-coordinated ligands trans to the phosphorus 
atom P1 and a ligand, coordinated to platinum by a a-carbon bond, trans to 
the phosphorus atom P2. Figure 2.4 shows the assignment of P1 and P2 m 
complexes 68a-c, 69a-c and 70a-c. 
E = S, 0, C-C(hMe 
Figure 2.4: Assignment of P1 and P2 in 68a-c, 69a-c and 70a-c. 
The 11Pt-P values of ca. 2400Hz and 1700Hz in the 3lp{ lH} n.m.r. 
spectra of 7 0 a-c indicate that both phosphorus atoms are trans to ligands 
64 
I 
that are a-bound to platinum through a carbon atom. The difference in 
1 J Pt-P values 1s attributed to the presence of electron-withdrawing methyl 
ester groups, -C02Me, on the carbon atom, weakening the demand of the 
carbon atom on Pt 6s-character. This is reflected by an increase in 1 J p t-P 1 
values relative to 1 J Pt-P2 values. 
TABLE 2.4: 31 P { 1 H} n.m.r. and i.r. (KBr) spectroscopic data for insertion 
' products {C(CH2)4CC(S)S}Pt(P-P) (P-P = dmpe 68a, depe 68b, 
dcpe 68c), {C(CH2)4CC(O)O}Pt(P-P) (P-P = dmpe 69a, depe 69b, 
dcpe 69c) and {C(CH2)4CC(C02Me)=C(C02Me)}Pt(P-P) (P-P=dmpe 
7 0 a , depe 7 0 b , dcpe 7 0 c) . 
31 P chemical shifts (op) measured in CD2Cl2are in ppm to high frequency of 
85% H3P04 (positive); coupling constants J are in Hz. 
Complex u (max) (cm-1) 
68a 21.5 (2986) 28.3 (1656)a ucc=sr 1210 
68b 48.8 (2967) 52.7 (1686)b U(C=S): 1205 
68c 64.4 (2974) 59.6 (1700) ucc=sr 1210 
69a 7.6 (3682) 34.7 (1772) ucc=or 1625 
69b 38.4 (3717) 57.9 (1811) ucc=or 1615 
69c 50.5 (3752) 66.5 (1845) U(C=O): 1625 
70a 22.7 (2200) 25.7 (1574) ucc=or 1110, 1685. 
70b 50.5 (2258) 51.5 (1616) U(C=Or 1715, 1690 
70c 59.2 (2329) 58.9 (1684)C U(C=Of 1730, 1670 
a. 1Pl-P2 = 4.9Hz. 
b. 1Pl-P2 = 5.3Hz. 
c. 1Pl-P2 = 3.3Hz. 
65 
I 
I 
i 
I 
I 
l 
Typical U(C=S) (1210-1200cm- 1) and U(C=O) (1630-1620cm- 1) 
bands appear in the i.r. spectra of 68a-c and 69a-c ? respectively . The 
presence of two bands at 1715cm- 1 and 1690cm- 1 in the i.r. spectra of 70a-c 
indicate that the methyl ester groups of these complexes are inequivalent. 
This is confirmed by the 1 H n.m.r. spectra of 7 0 a- c which show two singlets 
in the region ca. o 3.6ppm. 
Two broad multiplets appearing at ca. o 2.3ppm and 2.6ppm in the 
1 H n.m.r. spectra of 6 8 a, 6 9 a and 7 0 a are attributed to the methylene 
protons of dmpe. The methyl protons of dmpe and methylene nng protons in 
68a, 69a and 70a appear as a series of multiplets in the region o l.3-l.8ppm 
of the same spectra. The 1 H n.m.r. spectra of 68b-c, 69b-c and 70b-c also 
show a series of multiplets in the region o 1.0-3.0ppm. These are due to 
overlapping resonances of protons of the depe or dcpe ligands and 
methylene ring protons . 
The formulations of the insertion products 6 8 a -c, 6 9 a - c and 
7 0 a - c have been confirmed by their mass spectra, which each show parent 
10ns at their expected values. Insertion products that were isolated pure have 
also been characterized by microanalysis. 
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TABLE 2.5: 1 H n.m.r, l 3c { 1 H} n.m.r. and mass spectroscopic data for 
insertion products {C(CH2)4CC(S)S}Pt(dmpe) 68a. 
{ C(CH2)4CC(O)O} Pt(dmpe) 69a, and 
I I { C(CH2)4CC(CO2Me)=C(CO2Me)} Pt(dmpe) 70a. 
1 H and 13c chemical shifts measured in CD2Cl2 are in ppm referenced to TMS; 
coupling constants J are in Hz. 
Compound 
68a 2.4 (CH2P) 202 (C(S)S) 501 
3.0 (CH2P) 
69a 2.1 (CH2P) 188 (C(O)O) 469 
2.6 (CH2P) 
70a 3.54 (OCH3)a 184.5 (OCOMe) 567 
3.59 (OCH3)a 185.0 (OCOMe) 
Cb} tert-Butylisocyanide 
The complex (C6Hs)Pt(depe) 59b reacts with an equimolar amount 
of tert-butylisocyanide (ButNC) at room temperature within 24hr. A cream 
solid, identified by 3 1 P { 1 H} n.m.r. spectroscopy as a mixture of two species, 
in ca. 3: 1, ratio, is isolated from this reaction. The main component is 
recognized by 3 l P { 1 H} n.m.r. and i.r. spectroscopic data as starting material; 
I I 
the secondary species is the mono-insertion product { C(CH2)4 CC (=NB u t)} -
M(depe) 72a. A mono-insertion product {C(CH2)4CC(=NBut)}Pt(dcpe) 72b is 
also formed from the reaction of (C6H g)Pt(dcpe) 59c with an excess of ButN C 
(Scheme 2.6), but could not be separated from starting material. 
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Rz NBut 
p 
I-~ J ButNC 
/Pt, p 
R2 R2P PR2 \_J 
R=Et, 59b R=Et, 72a 
R=Cy, 59c R=Cy, 72b 
Scheme 2.6: Mono-insertion of te rt-butylisocyanide into a cyclohexyne-
platinum bond. 
Treatment of (C6H g)Pt(dmpe) 59a with either a molar equivalent 
or an excess of BulNC at room temperature gives the 'double insertion' 
product {C(CH2)4CC(=NBul)C(=NBul)}Pt(dmpe) 73a. Likewise, {C(CH2)4C-
C (=NB u l) C (=NB u l)} Pt(depe) 7 3 b is obtained from the reaction of 
(C6Hs)Pt(depe) 59b with excess BulNC (Scheme 2.7). In contrast, 
(C6Hs)Pt(dppe) 40b does not react with excess BulNC, even after five days in 
solution. The products 7 2 a- b and 73a-b are isolated as cream, air stable 
solids that are readily soluble in benzene and THF and sparingly soluble m 
n-hexane and ether. They decompose in chlorinated solvents, even under an 
inert atmosphere within 12 hr. 
R=Me, 59a 
R=Et, 59b 
excess Bu1N C 
NBu1 
Pt 
RP/ 'PR 2\_J 2 
NBut 
R=Me, 73a 
R=Et, 73b 
Scheme 2.7: Double-insertion of tert-butylisocyanide into a cyclohexyne-
platinum bond. 
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The characterization of the mono-insertion products 7 2 a and 7 2 b 
rests solely on spectroscopic data. Their i.r. spectra show a strong band due 
to u(C=N) at ca. 1620cm- 1 and the 1 H n.m.r. spectra contain a sharp But 
singlet at o ca. l.2ppm. Their 3 l P { 1 H} n.m.r. spectra consist of either two 
singlets, or two closely spaced doublets, with l 95Pt satellites, the 1Pt-P values 
being ca. 1840Hz (P trans to C=NBul) and ca. 1600Hz (P trans to substituted 
cyclohexenyl). 
The di-insertion products 7 3 a and 7 3 b have been characterized 
both on the basis of spectroscopic data and elemental analysis (C,H,N). In 
contrast to 7 2 a and 7 2 b, the i.r. spectra of 7 3 a and 7 3 b show two strong 
absorptions at ca. 1615cm- 1 and 1560cm-1, together with a weak band at ca . 
1580cm- 1 which may be due to the U(C=C) band. The lH n.m.r. spectra in 
CD 2 C 12 show a pair of singlets at o l.3ppm and o l.8ppm arising from the 
inequivalent tert-butyl groups; 1n C6D 6 there is an additional pair of tert-
butyl singlets of ca. I% the intensity of the main pair. These are believed to 
be due to isomers whose nature will be discussed later. The 31 P { 1 H} n.m.r. 
spectra of 73a and _73b in CD2Cl2 are essentially similar to those of 72a and 
7 2 b, although the 1Pt-P values for the inequivalent phosphorus atoms are 
surprisingly almost equal (ca. l 850- l 900Hz). In C6 D 6 in each case there is an 
additional pair of resonances, with similar 1Pt-P values, corresponding to the 
minor isomers observed in the 1 H n.m.r. spectra. The spectroscopic data of 
72a-b and 73a-b are collected in Table 2.6. 
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TABLE 2.6: 31 P { 1 H} n.m.r. and i.r. (KBr) spectroscopic data for 
insertion products {C(CH2)4CC(=NBut)}P\(P-P) (P-P=depe 
-, 
72a, dcpe 72b) and {C(CH2)4CC(=NBut)C(=NBul)}Pt(P-P) 
(P-P=dmpe 73a, depe 73b). 
3 lp chemical shifts (op) measured in CD2Cl2 are in ppm to high frequency of 
85% H3PO4 (positive); coupling constants (J) are in Hz. 
Compound 
72a 
72b 
73a 
73b 
48.6 (1836) 
56.9 ( 1836)a 
12.0 (l 845)b,c 
34.9 (1907)d,e 
a. 1Pt-P2 = 2.6Hz. 
b. Jpt-P2 = 5.lHz. 
33.2 (1620) 
44.7 (1592)a 
16.9 (183 8)b,c 
45.8 (1875)d,e 
U(C=N): 1610(s) 
U(C=Nr 1615(s) 
U(C=Nf 1615(s), 1560(s) 
U(C=Cr 1585(w) 
U(C=Nf 1620(s), 1565(s) 
U(C=Cr 1575(w) 
c. Minor isomer: op 1 = 16.9, op2 = 24.0, 195 Pt satellites not detected. 
d. Jp1-P2 = 8.3Hz. 
e. Minor isomer: op 1 = 46.0 (1997) op2 = 53.3 (1782), Jp1-P2 = 7.9Hz. 
The 13 C { 1 H} n.m.r. spectrum of 7 3 b show two resonances, coupled 
C6l)~ . 
to both platinum and phosphorus atoms, at ca. o 170ppm and 180ppm in/\ 
These are due to the carbon atoms bearing the tert-butylimino substituents. 
There are also two resonances at both ca. B 55ppm and o 30ppm due to the 
tert-butyl groups. The lH n.m.r.,13c { lH} n.m.r. and i.r. spectroscopic data of 
73a-b clearly indicate that these complexes both contain two Bu1NC groups, 
and their 31 P { 1 H} n.m.r. spectroscopic data show the phosphorus atoms in 
each complex to be inequivalent. Therefore the second BulNC molecule 
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inserts into the platinum-imino carbon a-bond and not into the platinum-
alkenyl carbon a-bond. 
The isomer resonances observed in the 1 H and 31 P { 1 H} n.m.r . 
spectra of 7 3 a and 7 3 b recorded in benzene-d6 were not detected in the 
same spectra recorded in dichloromethane-d2. However, solutions of 7 3 a- b 
1n dichloromethane-d2 evaporated to dryness and redissolved in benzene-d6, 
showed isomer resonances in their 1 H and 31 P { 1 H} n.m.r. spectra. These 
isomers are believed to arise from the differing orientation of the te rt-bu ty 1 
groups at the nitrogen atoms. Figure 2.5 shows the four possible orientations 
of the tert-butyl groups In 73a and 7 3 b . Of these structures D can be 
discounted because of steric constraints. The most sterically favourable 
structure would be A as there would be no interaction between the tert- bu ty 1 
groups. It is therefore likely that the mmor isomers of 7 3 a and 7 3 b adopt 
orientation B or C. However, in the absence of structural data this could not 
be conclusively determined. 
But 
I 
N 
I/ 
-Pt-C 
U'C=N 'But 
A 
But 
I 
N 
I/ 
-Pt-C Bu1 \._:,c = N ,, 
C 
v-
B 
N-Bu1 
I/ 
-Pt-C Bu1 vC=N" 
D 
cyclohexenyl 
Figure 2.5: Possible orientations of the te rt-butyl groups In 7 3 a and 7 3 b. 
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Cc) Linear Alkynes 
The cyclohexyne complexes (C6Hs)Pt(dppe) 40a and (C6Hs)Pt-
(depe) S 9 b do not react with the linear disubstituted alkynes 2-butyne, 1-
pheny l-1-propyne, bis( tri me thy lsily l)acety lene or bis(te rt-butyl) acetylene, 
even on prolonged heating (Fig. 2.6). Complex 40a is also inert to 3-hexyne. 
In early experiments (C6 H 8 )Pt(dmpe) 5 9 a and (C6 H 8 )Pt(depe) 5 9 b were 
found to react with 3-hexyne in refluxing n-hexane over 12hr to give 
yellow solids, but unfortunately these results proved to be irreproducible. 
Later efforts to obtain these complexes resulted in the quantitative recovery 
of starting material. If both reactions were heated for longer periods 
starting materials were still recovered quantitatively. 
R 
X ... 
RC=CR' 
48 hr, THF, reflux 
Figure 2.6: Reactivity of (C6H s)Pt(depe) 59b toward vanous linear 
alkynes. 
The yellow solids obtained from the reaction of either 5 9 a or 5 9 b 
with 3-hexyne show in their respective 3 1 P { 1 H} n.m.r. spectra a singlet with 
195 Pt satellites, 1 J Pt-P= 1615Hz. This suggests that, in both complexes, the 
phosphorus atoms are coordinated trans to ligands coordinated to platinum 
through a cr-carbon bond. These complexes are tentatively formulated as 
platinacyclopentadiene complexes C(Et)=C(Et)C(Et)=C(Et)Pt(P-P) on the basis 
of the spectroscopic data obtained. However, owing to the inability to 
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reliably reproduce these yellow solids from the reactions of 5 9 a and 5 9 b 
with 3-hexyne, the formulation of these complexes remains unknown. 
Cd) Dimethylmaleate 
The complex (C6 Hg )Pt(depe) 5 9 b reacted over seven days with 
dimethylmaleate at 80° C giving two products 1n ca. 4: 1 ratio as identified in 
situ by 31 P { 1 H} n.m.r. spectroscopy. The secondary product was 
characterized by two overlapping singlets, both with l 9 5 Pt satellites. The 
1 J p t-P 1 value of 2464Hz suggests that P 1 is coordinated trans to a cr- bound 
carbon ligand containing electron-withdrawing substituents, whereas the 
1 J Pt-P 2 value of 159GHz suggests P2 is trans to a cr-bound carbon ligand 1.e. a 
substituted cyclohexenyl group. These parameters are consistent with 
formulation of the complex as an insertion product { C(CH2)4 CC H (COO Me)-
CH(COOMe)} Pt( depe) 74 (Scheme 2.8). 
cis-MeO2CCH=CHC(hMe 
80°C, 7 days, Ct,D6 
CO2Me 
Pt 
PE~ 'PE½ \ __ ! 
74 
+ 
75 
Scheme 2.8: Proposed products from the reaction of (C6Hg)Pt(depe) 59b 
with dimethylmaleate. 
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The maJor product of the reaction shows in its 3lp { 1 H} n.m.r. 
spectrum two singlets, both with l 95Pt satellites, the values of Irt-P being 
4088Hz (P1) and 1613Hz (P2). The 1Irt-Pt value is much higher than for 7 4 
and is typical of a phosphorus atom opposite an O-donor ligand. 5, 9 The 
1 J Pt-Pl value of 1613Hz suggests that a cyclohexenyl ligand is coordinated 
trans to P2. The 1 H n.m.r. spectrum of the major product shows several 
overlapping resonances in the region 6 1.0-3.0ppm due to protons of the 
depe ligand and methylene ring protons and a singlet at 6 3.3ppm. A doublet, 
3 J P-H = 8Hz, with l 9 5 Pt satellites, 2 J Pt-H = 63 Hz, appears at 6 5 .6ppm in the 
same spectrum. The maJor product IS tentatively formulated as 
(C6H9)Pt(O2CCH=CHCO2Me)(depe) 75. Presumably dimethyl maleate had been 
partially hydrolysed by traces of water, giving cis-MeO2CCH=CHCO2H which 
then protonated the cyclohexyne-platinum complex (C6H g)Pt(depe) 59 b. It 
IS unlikely that water was present 10 the reaction mixture as 
(C6H9)Pt(OH)(depe) 62a was not detected. 
2.3 DISCUSSION 
The unsaturated molecules carbon dioxide, carbon disulfide, 
dimethyl acetylenedicarboxylate and te rt-butylisocyanide have successfully 
been inserted into the cyclohexyne-platinum bonds of complexes containing 
di(tertiary)alkylphosphine ligands. In addition to these unsaturated 
molecules, methyl vinyl ketone, methyl acrylate, acrolein and acrylonitrile 
insert into the cyclohexyne-platinum bond of (C6 H 8) Pt (PP h 3) 2 2 6 .3 
However, unsaturated molecules which do not contain polar bonds, such as 
3-hexyne and di-tert-butylacetylene, do not react with cyclohexyne-
platinum complexes, even on prolonged heating. 
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As discussed in Chapter 1, alkynes can be considered to bind to a 
metal atom by two metal-carbon cr-bonds, 4 , 15 so that alkyne complexes of 
metals in low formal oxidative states can be regarded as metallacyclopropene 
complexes of the type C(R)=C(R)M. The insertion of unsaturated molecules 
such as alkynes and carbon disulfide into metal-carbon a-bonds has been 
well documented, l6 and therefore there is a close analogy between the 
insertion of these molecules into alkyne-metal bonds and corresponding 
insertions into metal-carbon a-bonds. 
Two mechanisms have been proposed for the insertion of alkenes 
and alkynes into alkyne-metal bonds (Scheme 2.9). 16 The first involves pre-
coordination of the unsaturated molecule to the metal centre, followed by 
oxidative coupling to form a metallacycle.1 7 -20 The second involves the 
initial metal-alkyne complex being regarded as passing through a dipolar 
(or zwitterionic) intermediate in which one carbon atom has been dislodged 
(Scheme 2.9b ). This 1,3-dipole can react with another molecule of alkyne, in 
its dipolar form, to give metallacycles.18,20-22 Alkynes of the type RC=C R 
(R= CO 2Me, CF3) which are polarizable are likely to insert into alkyne-metal 
bonds by this mechanism. The nucleophilicity of the metal centre is believed 
to influence the formation of dipolar intermediates.21 Thus, metal centres 
which coordinate electron-donating ligands as well as an alkyne ligand, are 
likely to induce formation of 1,3-dipolarophiles. 
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Scheme 2.9: Proposed mechanisms for the formation of metallacycles by 
insertion of alkynes into alkyne-metal bonds. 
The formation of the co baltac y lcopen tad i ene complex 
{ C(Ph)=C(Ph)C(Ph)=C(Ph)} CoCp(PPh3) from CpCo(PPh3)(PhC=CPh) and 
diphenylacetylene is thought to proceed by an oxidative coupling reaction, 
rather than via dipolar intermediates.18 This is proposed on the basis that 
polar solvents such as dichloromethane and pyridine do not enhance the 
rate of substitution of triphenylphosphine by the incoming diphenyl-
acetylene molecule. Secondly, addition of triphenylphosphine to the same 
reaction markedly decreases the rate of substitution, implying that 
triphenylphosphine does not participate in the oxidative coupling of the two 
coordinated diphenylacetylene ligands. 
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Cyclopentadiene complexes of the type {C(Me)=C(Me)-
C(Me)=C(Me)} C0Cp(PR3) (R=Ph 76a, Me 76b) react with alkynes to form 
arenes (Scheme 2.10). 
Me 
76a 
Me 
Me 
MeC-=CMe 
-PPh3 
~ Me ~~ 
Co 
Me~ ~ 
'l Me 
Me 
+ PPh3 Me 
~ Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
~ Me Me PMe3 ~ 
... Co 
M~P/ ~ 
Me 
Me 
76b 
Me 
Me RC-=CR 
Me CO2Me 
R=C02Me 
Me 
~ 
Me02~ 
Co-PM~ 
CO2Me 
Scheme 2.10: Formation of arenes from cobltacyclopentadiene complexes. 
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The mechanism of these reactions 1s dependent on the alkyne 
substituents and the nature of the phosphine ligand of the cobaltacycle. 
Complex 7 6a catalyzes the trimerization of 2-butyne to hexamethylbenzene; 
the reaction proceeding via substitution of PPh3 by 2-butyne in the cobalt 
coordination sphere. Trimethylphosphine has a high affinity for the cobalt 
centre in 7 6 b. Thus PMe3 is not readily disassociated by incoming ligands 
and reaction of 7 6 b with 2-butyne do not produce hexamethylbenzene. 
Dimethyl acetylenedicarboxylate, however, does react with 7 6 b 
stoichiometrically to give the expected aryne 3,4,5,6-tetramethylphthalate, 
and the cobalt complex CpCo(Me02CC2C02Me)(PMe3). This reaction proceeds 
without coordination of the alkyne to the metal centre and a Diels-Alder 
mechanism has been proposed. 
The insertion of 
cyclohexyne-platinum bonds lS 
dimethyl 
proposed 
acetylenedicarboxylate into 
as proceeding via dipolar 
intermediates (Scheme 2.11). This is because successful insertion reactions 
have only occurred with cyclohexyne-platinum complexes containing 
electron-donating bidentate phosphine ligands. Presumably the bidentate 
phosphine ligands increase the nucleophilicity of the platinum metal, thus 
assisting the formation of 1,3-dipolarophiles. It 1s possible that bulky PPh3 
and dppe ligands can prevent insertion of unsaturated molecules into 
cyclohexyne-platinum bonds, although this is unlikely as the equally bulky 
dcpe ligand in the complex (C6H g)Pt(dcpe) 59c allows facile insertion of 
dimethyl acetylenedicarboxylate into the cyclohexyne-platinum bond. 
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Cp\ ~ /Pt+ 
p - ~ C02Me 
C02Me 
Scheme 2.11: Proposed mechanism for the insertion of Me02CC2C02Me into 
complexes of the type (C6H g)Pt(P-P) (P-P = dmpe, depe, dcpe). 
The insertion of both carbon dioxide and carbon disulfide into 
cyclohexyne-platinum bonds are thought to also proceed via dipolar 
intermediates, similar to those suggested above for dimethyl 
acetylenedicarboxylate. These insertion reactions can be compared with the 
insertion of either carbon disulfide or carbonyl sulfide into the alkyne-
cobalt and alkyne-rhodium bonds in complexes of the type 
CpM(PPh3)(RC2R) (M=Co, Rh, R=C02Me). 23 In each of these reactions, the 
formation of 1,3-dipolarophiles, e.g. CpM+C(R)=C-(R)(PPh3), is suggested as a 
possible mechanism. 
The mechanism of the insertion of the a,~-unsaturated compounds 
methyl vinyl ketone, methyl acrylate and acrylonitrile into the 
cyclohexyne-platinum bond of (C6H g)Pt(PPh3)2 observed by Dirnberger3 is 
unclear. These reactions are more likely to proceed by an oxidative coupling 
mechanism as the direction of addition 1s not consistent with intermediacy 
of dipolar compounds. The presence of electron-withdrawing triphenyl-
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phosphine ligands would inhibit the formation of a metal-alkyne 1,3-
d i po 1 arophi le. 21, 22 However di polar intermediates or transition states have 
been proposed for the insertion of carbon disulfide into alkyne-cobalt and 
alkyne-rhodium complexes containing PPh3 as discussed previously. 
A general feature of the insertion of isocyanide molecules into 
metal-carbon cr-bonds is that the isocyanide molecule must first coordinate to 
the metal centre before insertion can occur. 24 For example, CpFe(CO)2 (Me) 
reacts with cyclohexylisocyanide to give CpFe(CO)(C6H 11 NC)(COMe), which 
reacts further with C6 H 1 1 NC to give the insertion product 
(Cp)(CO)FeC(=NC6H 11)C(Me)=N(C6H 11).25 The insertion of ButNC into 
(C6H g)Pt(PPh3) 26 is consistent with this proposal as one PPh3 ligand must 
first be displaced to allow insertion of a second BulNC molecule (Sect. 1.5, 
p.37). However, complexes of the type (C6Hg)Pt(L2) are 16-electron 
complexes so, 1n principle, the platinum atom could accommodate an 
incoming te rt-butylisocyanide ligand to give an 18-electron intermediate 
(C6Hg)Pt(P-P)(CNBul). The complex (C6Hg)Pt(dppe) 40b does not insert 
Bu tNC, presumably because BulNC cannot displace dppe (or one end of the 
diphosphine ligand) from the platinum coordination sphere. The steric bulk 
of dppe could also prevent BulNC adding to 4 0 a to form the 18-electron 
complex (C6Hg)Pt(dppe)(BulNC). Both (C6Hs)Pt(dmpe) 59a and (C6Hs)Pt-
of. 
(depe) 5 9 b insert two molecules 
A 
BulNC into their cyclohexyne-
platinum bonds. The double insertion products are assumed to form from the 
mono insertion product, and indeed the mono insertion product 
{C(CH2)4CC(=NBul)}Pt(dcpe) 72b is detected in the reaction of (C6Hg)Pt(dcpe) 
5 9 c with excess But NC. No double insertion product is obtained in this 
reaction because of steric constraints. The fact that the bulky dcpe ligand 
allows insertion of the BulNC into the cyclohexyne-platinum bond of 5 9 c 
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suggests the steric bulk of the dcpe ligand of (C6 H 8 )Pt(dppe) should not 
Ofl 
prevent attack/._ the cyclohexyne-platinum bond by ButNC. It therefore 
seems likely that ButNC molecules can insert into the cyclohexyne-platinum 
bonds of (C6H g)Pt(P-P) (P-P=dmpe, depe, dcpe) without first coordinating to 
the platinum metal. A summary of this proposed mechanism is outlined 1n 
Scheme 2.12. 
Scheme 2.12: Proposed mechanism for the insertion of tert-butyl-
isocyanide into cyclohexyne-platinum bonds. 
In contrast, the mechanism for the insertion of two isocyanide 
molecules into CpCo(PPh3)(PhC=CPh) involves displacement of the 
triphenylphosphine ligand by the isocyanide, followed by insertion to give 
a four-membered cobaltacycle. A second isocyanide molecule then 
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coordinates to the vacant site on the cobalt atom and an intramolecular 
rearrangement possibly by coordination of the C=C bond to cobalt occurs 
(Scheme 2.13). This results 1n the formation of the cobaltacycle 
CpCo { C( =NR)C(Ph)=C(Ph)C( =NR)} 1n which the two isocyanide ligands have 
symmetrically inserted into the alkyne-cobalt bond (Scheme 2.13 ). 2 6 
RNC I 
_,,CVPh 
RNC \ 
Ph 
t RNC 
@; @; 
I 
RNC~NR 
Ph 
Ph Ph Ph 
tRCN 
R 
@; N 
I ..-,CNR RNC RN NR 
RNC_.Co...._CNR 
H 
Ph Ph 
Scheme 2.13: Symmetrical insertion of two isocyanide molecules into a 
cobalt-alkyne bond. 
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The insertion of unsaturated molecules into (C6Hs)ZrCp2PMe3 1 
and (C5H4Me2)ZrCp2PMe3 2 probably occurs via displacement of 
trimethylphosphine from the complexes by the unsaturated molecule, 
followed by an oxidative coupling reaction involving the cycloalkyne ligand 
and the unsaturated molecule. A similar oxidative coupling reaction 1s 
proposed for the insertion of a..~ unsaturated compounds into the 
cyclohexyne-platinum bond of (C6H 8) Pt(PPh3) 26. Therefore it is likely that 
the proposed dipolar intermediate mechanism for the insertion of 
polarizable unsaturated molecles into cyclohexyne-platinum complexes will 
be preferred in the presence of electron-donating phosphine ligands. 
2.4 EXPERIMENT AL 
2.4.1 General conditions 
All reactions were performed under nitrogen or argon 
atmospheres using standard Schlenk techniques. Acetone, acetonitrile, 
benzene, diethyl ether, n-hexane, methanol and tetrahydrofuran (THF) were 
dried and distilled as described. 2 7 Water and ethanol were degassed by 
bubbling nitrogen through prior to use. 
N.m.r. spectra were recorded on Jeol FX-200 ( 1 H, 200MHz), Varian 
XL-200 (1 H, 200MHz; 13c, 50.3MHz; 31 P, 80.98MHz) and Jeol FX-60 (3 1 P, 
24.21 MHz) spectrometers. The 1 H and 13 C n.m.r. chemical shifts are reported 
as o values with reference to tetramethylsilane (TMS o 0.0ppm) . The 3 1 P 
n.m.r. chemical shifts are reported with reference to 85% H3 PO 4, values to 
high frequency being positive. 
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Infrared spectra were measured as KBr discs or as neat oils on KBr 
plates m the range 4000-250cm- 1 on a Perkin-Elmer model 683 spectrometer. 
Mass spectra were recorded on a VG Micromass 7070 (70eV) 
instrument; melting points were measured in sealed tubes under nitrogen on 
a Gallenkamp melting-point apparatus and are uncorrected. Elemental 
analyses were performed by staff in the Research School of Chemistry. 
The following starting materials were obtained from commercial 
sources: triethylphosphine, tricyclohexylphosphine, tungsten hexa-
carbonyl, carbon dioxide, carbon disulfide, dimethyl acetylenedicarboxylate, 
dimethylmaleate, 3-hexyne and thiophenol. Trimethylphosphine28, te rt-
butylisocyanide29, the di(tertiary)-phosphine ligands R2PCH2CH2PR2 R=Me, 
Et, Cy,30 and the complexes (C6Hg)Pt(PPh3)2 26 4 and (C6Hg)Pt(dppe) 40b 4 
were synthesized by literature methods. 
2.4.2. Preparation of new cyclohexyne-platinum complexes 
~Iis}Pt(dmpe) 59a6 
A mixture of (C6Hs)Pt(PPh3)2 26 (1.31g, 1.42mmol) and 1,2-
bis(dimethylphosphino)ethane (dmpe) (0.25cm3, 1.50mmol) was refluxed in 
benzene for 30 minutes and then allowed to cool to room temperature. 
Filtration gave an orange-brown solution from which solvent was removed 
Ln vacuo. The orange oil obtained was treated with n-hexane (20cm3) to give 
a cream powder which was purified by three washings with n-hexane and 
dried in vacuo. The powder was identified spectroscopically as (C6 H 8) Pt-
(dmpe) 59a (0.44g 73%); 3 l P { 1 H} n.m.r. (CD2Cl2) o 16.3 (s, 11Pt-P=2944Hz); I.R. 
(KBr) l 695cm-l (s) U(C=C) · 
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LC.tifu}PtCdepe) 59b 
A benzene solution of 1,2-bis(diethylphosphino)ethane (depe) 1 
( 1. 80cm3, 8.50mmol) and 26 (4.08g, 8.47mmol) was refluxed for 30 minutes, 
then allowed to cool to room temperature. Removal of solvent gave a brown 
oil which was redissolved in 25cm3 of ether and filtered. The filtrate was left 
at -78° C for 4hr to give a white solid which was isolated by filtration and 
recrystallized again from ether at -78° C. The white crystals obtained were 
dried in vacuo and identified as (C6H g)Pt(depe) 59b (2.2g 75%), mp 65°C dee; 
13C{ lH} n.m.r. (C6D6) o 10.4 (t, CH3, Jp_c=25Hz), 22.1 (m, CH2P), 27.0-32.0 (m, 
CH2) 139.7 (5-line m, C=C); 31 P{ 1H} n.m.r. (CD2Cl2) o 51.2 (s, 11Pt-P=2963Hz); 
I.R. (KBr) 1687cm-l (s) U(C=C)· 
Anal: Cale. for C16H32P2Pt: C, 39.9, H, 6.7, P,12.9 % 
found: C, 40.1, H, 7.0, P, 13.0 % 
!.C.6H.s )PtCdcpe) s 2 c 
A mixture of 2 6 (3 .41 g, 4.27mmol) and 1,2 bis( dicyclohexy 1-
phosphino )ethane (dcpe) (1.82g, 4.3 lmmol) was refluxed 1n 30cm3 of 
benzene for one hour. The yellow solution was allowed to cool to room 
temperature and filtered. Solvent was removed to leave a yellow oil which 
immediately gave a cream solid on treatment with n-hexane. The solid was 
then washed with 15cm3 of n-hexane. The product was dried in vacuo and 
identified as (C6H g)Pt(dcpe) 59c (2.15g 72%), mp 152-154°C dee; 13c { 1 H } 
n.m.r. (C6D6) o 24.0-36.0 (m, CH2, CHP), 139.5 (5-line m, C=C); 31p{ 1H} n.m.r. 
(CD2Cl2) S 68.6 (s, 11Pt-P=3015Hz); I.R. (KBr) 1690cm-1 (s) U(C=C)· 
Anal: Cale. for C32H56P2Pt: C, 55.1, H, 8.1, P, 8.9 % 
found: C, 55.5, H, 8.4, P, 9.3 Z 
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~H.g)PtCPMe3l2..il8 
To 2 6 (ca. 50mg) in benzene-d6 (0.5cm3) in an n.m.r. tube was 
added trimethylphosphine (0.1 cm 3, excess) and the solution was left to stand 
for one hour at room temperature. After this time, 3 l P { 1 H} n.m.r. and i.r. 
spectroscopy showed that (C6H g)Pt(PMe3)2 41 was the only product; 31 P { 1 H } 
n.m.r. (C6D6) o -30.7 (s, 11Pt-P=3198Hz); LR. (C6D6) l 710cm-l (s) U(C=C)· 
(C6Hg)Pt(PEt3)2 60 was made in an identical manner, from 26 and 
triethylphosphine; 31 P { 1 H} n.m.r. (C6D6) o 13.5 (s, 11Pt-P=3273Hz); I.R. (C6D 6) 
l 705cm-1 (s) U(C=C)· 
!.C.t>Iis }PtCPPh3 HP Cy 31.il 
A mixture of ca. 50mg 26 and O. lg PCy3 were dissolved in benzene-
d6 ( 0. 5 cm 3) in an n.m.r. tube. The tube was then heated at 70° C for 12hrs. 
After this time 3 1 P { 1 H} n.m.r. and 1.r. spectroscopy showed 
(C6H g)Pt(PPh3)(PCy3) 61 as the only product; 3 l P { 1 H} n.m.r. (C6D6) o 29.1 (d, 
11Pt-P=3498Hz, 1Jp_p=26.3Hz), 37.6 (d, 11Pt-P=3477Hz, 1Jp_p=26.3Hz); LR. (C6D6) 
1715cm- 1(s) U(C=C)· 
2.4.3 Preparation of 11 1-cyclohexenyl-platinum(II) complexes 
fC.6H.9)PtCOH)Cdepe) 6 2 a 
To a solution of 0.36g (0.74mmol) of (C6Hs)Pt(depe) 59b m THF 
(20cm 3) were added methanol (10cm3) and water (2cm3). The yellow solution 
was stirred for 1hr and solvents were then removed under reduced pressure 
to leave 0.29g (78%) of (C6H9)Pt(OH)(depe) 62a as a yellow oil; 1 H n.m.r. 
(C6D6) o 1.5-2.5 (m, CH2, CH3), 5.8 (d, 4Jp_H=l0Hz, 3JPt-H=60Hz, C=CH); 31 P{ 1H} 
n.m.r., (C6D 6) o 34.6 (s, 1 J Pt-P=3479Hz), 50.9 (s, 11Pt-P= 1709Hz). The oil was 
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crystallized from ether at -78° C to give a pale solid identified as 
[ ( C6 H 9 )Pt(H 2 O)(depe)][ OH] which liquefied at room temperature to leave an 
oil; 3lp{1H} n.m.r. (C6D6) 8 35.4 (s, 11Pt-P=3767Hz), 50.1 (s, 11Pt-P=1697Hz). 
Anal: Cale for C16H34OP2Pt.H2O: C, 37.1 H, 7.0 P, 11.9% 
Found: C, 37.1 H, 6.9 P, 10.6 t 
.LC.()H9)PtCOH)Cdcpe) 62b 
To a solution of (C6Hs)Pt(dcpe) 59b (0.21g, 0.30mmol) in THF 
(20cm3), were added methanol (10cm3) then water (2cm3). The brown 
solution, which immediately became lighter in colour, was stirred for 1hr. 
After this time solvents were removed tn vacuo until the solution became 
milky. This suspension was filtered and evaporated to dryness to leave 0.16g 
(76%) of (C6H9)Pt(OH)(dcpe) 62b as a cream solid; 31p{1H} n.m.r. (C6D6)8 
43 .8 (s, 1 J Pt-P=3403Hz), 60.2 (s, 1 J Pt-P= 1739Hz). The same spectra measured in 
wet benzene-d6 gave the following data; op 43.8 (s, 11Pt-P=3782Hz), 60.4 (s, 
11Pt-P=l 716Hz), presumably due to [(C6H9)Pt(H2O)(dcpe)][OH] . 
.LC.6li9)PtCOMeHdepe) 6 3 a 
A solution of 5 9 b (ca. 50mg) in anhydrous methanol (2cm3) was 
stirred for 15min. Removal of solvent in vacuo gave a yellow oil identified 
by its 3 1 P { 1 H} n.m.r. spectrum as mixture of two compounds; 
(C6H9)Pt(OH)(depe) 62a and the desired product (C6H9)Pt(OMe)(depe) 63a in 
ca. a 1:5 ratio; 1 H n.m.r. of 63a (C6D 6) o 1.5-2.5 (m, CH2, CH3), 4.0 (d, 
21Pt-H=47Hz, 3JP-H=5Hz, OCH3), 5.9 (d, 3JPt-H=70Hz, 4Jp_H=9Hz, C=CH); 3lp{1H} 
n.m.r. of 63a (C6D6) 8 35.5 (s, 11Pt-P=3397Hz), 51.5 (s, 11Pt-P=l 706Hz). 
The complex (C6 H 9)Pt(OMe)(dcpe) 6 3 b was formed similarly 
together with (C6H9)Pt(OH)(dcpe) 62b from 59c and methanol; the products 
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-were formed in ca. 5:1 ratio; 3 1P{ 1H} n.m.r. (C6D6) for 63b 8 44.9 (s, 
1Jp1_p=3532Hz), 62.9 (s, 11Pt-P=l 708Hz). 
fe6li9 )PtCCOOMe) Cdepe) 6 4 
Carbon monoxide was bubbled through a solution of 
(C6Hs)Pt(depe) 59b (0.37g, 0.64mmol) in methanol (15cm3) and THF (20cm3) 
for 90 minutes to give, after removal of solvent, a brown oil. This was 
crystallized twice from ether at -78° C to g1 ve O .21 g ( 60 % ) of 
(C6H9)Pt(COOMe)(depe) 64 as an orange-brown powder, mp 67-69°C dee; 1 H 
n.m.r. (CD2Cl2) o 1.5-2.0 (m, CH2, CH3) 3.8 (s, OCH3), 5.9 (d, 3JPt-H=70Hz, 
4Jp_H=9Hz, C=CH); 31 P{ 1H} n.m.r. (CD2Cl2) o 43.5 (s, 1Jp1_p=l870Hz), 49.0 (s, 
11Pt-P=l596Hz); I.R. (KBr) 1630cm-l (s) U(C=O), 1050cm-l (s) U(C-0)· 
Anal: Cale. for C1gH36O2P2Pt: C,.37.4, H, 7.0, P, 11.6 °f 
Found: C, 37.2, H, 7.1, P, 12.3 % 
£C.6li.9)PtCSPh)Cdepe} 6 5 
Thiophenol (56µ1, 0.54mmol) was added to 59b (0.26g, 0.54mmol) 
dissolved in 15cm3 THF. The clear solution was stirred for one hour and after 
this time solvent was removed to leave a white solid. The residue was 
recrystallized from ether at -78°C to give (C6H9)Pt(SPh)(depe) 65 (0.25g, 
78%) as a white solid, mp l 12°C dee; 1 H n.m.r. (CD2Cl2) o 1.5-2.5 (m, CH2, CH3), 
5.7 (d, 31Pt-tt=54Hz, 4Jp_tt=7Hz, C=CH), 7.5-8.0 (m,Ph); 3lp{ 1H} n.m.r. (CD2Cl2) o 
45.9 (s, 11Pt-P=3102Hz), 41.6 (s, 1Jp1_p=l636Hz); I.R. (KBr) 1575cm-1 (m) 
U(Ph-S), 
Anal: Cale. for C22H3gP2PtS: 
Found: 
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C, 44.6, H, 6.9, P, 10.2, °/4 
C, 44.7, H, 6.5, P, 10.5 % 
A solution of 59b (0.60g, 1.25mmol) in 15cm3 acetone containing 
1 cm 3 water was refluxed for six hours and all solvents were then removed in 
vacuo. The yellow oil was crystallized from ether to give (C6H9)Pt-
(CH2COCH3)(depe) 66 (0.36g, 54%) as an oily white solid which could not be 
obtained in a state of analytical purity; 1 H n.m.r. (CD2Cl2) o 1.5-2.5 (m, CH2, 
CH3), o 2.7 (s, PtCH2), 5.3 (d, 31Pt-H=56Hz, 4 Jp_H=8Hz, C=CH); 31 P { 1 H} n.m.r. 
(CD2Cl2) o 47.5 (s, 11Pt-P=2406Hz), 49.6 (s, 11Pt-P=1636Hz); I.R. (KBr) 1621cm- 1 
(s) U(C=O)· 
ID,H.9)PtCCH2CN)Cdepe) 67 
The complex 5 9 b (0.16g, 0.34mmol) was dissolved in 15cm3 
acetonitrile which had been freshly distilled from P2 0 5. The solution was 
refluxed for 24hr and solvent was then removed in vacuo. The pale yellow 
residue crystallized from ether at -78° C; a second recrystallization from 
ether gave (C6H9)Pt(CH2CN)(depe) 67 (0.12g, 68%) as a white solid, mp 48-
500C dee 1H n.m.r. (CD2Cl2) o 1.5-2.5 (m, CH2, CH3), 5.6 (d, 3JPt-H=62Hz, 
4JP-H=8Hz, C=CH); 31 P{ 1H} n.m.r. (CD2Cl2) o 47.0 (s, 11Pt-P=2404Hz), 47.4 (s, 
11Pt-P= 1596Hz); LR. (KBr) 2190cm-1 (s) U(C=N)· 
Anal: Cale. for C1gH35NP2Pt: 
Found: 
C, 41.4, H, 6.8, N, 2.7, P, 11.9 % 
C, 41.4, H, 7.1, N, 2.7, P, 11.8 t 
2.4.4 Preparation of insertion products 
{ CCCH2l4CCCS)S l PtCdmpe) 68a 
A solution of (C6Hs)Pt(dmpe) 59a (0.37g, 0.87mmol) in THF (30cm3) 
was treated with carbon disulfide (2cm3) and the solution was stirred at room 
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temperature for four hours. Removal of solvent gave an orange solid which 
was washed with hot n-hexane (20cm3) and dried in vacuo to give 0.39g, 
(85%) of {C(CH2)4CC(S)S}Pt(dmpe) 68a; 1H n.m.r. (CD2Cl2) o 1.3-2.0 (m, CH2, 
CH 3), 2.4 (hr s), 3.0 (hr s) (CH2P); l 3C { 1 H} n.m.r. (CD2Cl2) o 15.0-35.0 (m, CH2, 
CH3), 202.1 (s, CS); 31 P{ 1H} n.m.r. (CD2Cl2) o 21.5 (d, 2Jp1-P2=4.9Hz, 
1Jpt_p=2986Hz), 28.3 (d, 2JP1-P2=4.9Hz, 11Pt-P=1656Hz); LR. (KBr) 1210cm- 1 (s) 
U(C=S); mass spectrum, mlz 501 (parent ion). 
Anal: Cale for C13H24P2PtS2: C,31.1 H,4.8 P, 12.4 S, 12.8 % 
Found: C, 31.6 H, 5.2 P, 12.5 S, 11.9 % 
The complex { C(CH2)4CC(S)S} Pt(depe) 68 b was made similarly from 
(C6Hg)Pt(depe) 59b, in 61% yield, mp 136-138°C dee; 1H n.m.r. (CD2Cl2) o 1.0-
2.1 (m, CH2, CH3), 2.6 (hr s), 2.9 (hr s) (CH2P); 3 l P { 1 H} n.m.r. (CD2Cl 2) o 48.8 
(d, 2Jp1-P2=5.3Hz, l 1Pt-P=2967Hz), 52. 7 (d, 2Jp l-P2=5.3Hz, l 1Pt-P= 1686Hz); LR. 
(KBr) 1205cm-1 (s) U(C=S); mass spectrum, mlz 557 (parent ion). 
Anal: Cale. for C17H32P2PtS2: 
Found: 
C, 36.6, H, 5.8, P, 11.1 ,. .;/ 
, lo 
C, 36.6, H, 5.8, P, 10.8, % 
0 
Complex { C(CH2)4CC(S)S} Pt(dcpe) 68c was also made by this method 
from (C6H g)Pt(dcpe) 59c although it was contaminated by several by-
products and could not be isolated analytically pure; 31 P { 1 H} n.m.r. (CD2 Cl 2) 
o 64.4 (s, 11Pt-P=2974Hz), 59.6 (s, l 1Pt-P= 1700Hz); I.R. (KBr) 12 l0cm-1 (s) U(C=S); 
mass spectrum, ml z 773 (parent ion). 
f CCCH2)4CC{O)O 1 Pt{dmpe) 69a 
The complex 59a (0.38g, 0.89mmol) was dissolved in THF (20cm3) 
which had been saturated with CO2 and the pale orange solution was left to 
stir under a CO2 atmosphere. Within five minutes a white solid appeared and 
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after 90 minutes stirring the solid was filtered off. The white powder 
obtained was washed twice with n-hexane ( 10cm3), then dried in vacuo to 
give { C(CH2)4CC(O)O} Pt(dmpe) 69a (0.35g, 80%), mp 212-214°C dee; 1 H n.m.r. 
(CD2Cl2) o 1.5-2.0 (m, CH2, CH3), 2. l(br s), 2.6 (br s) (CH2P); 13c { 1 H} n.m.r. 
(CD2Cl2) o 16.0-40.0 (m, CH2, CH3), 136.1 (d, 3Jp_c=4Hz, PtCC), 170.5 (d, 
2Jp_c=108Hz, PtC)188.0 (s, CO); 3lp{1H} n.m.r. (CD2Cl2) o 7.6 (s, 11Pt-P=3682Hz), 
34.7 (s, 1JPt-P=1772Hz); I.R. (KBr) 1625cm-1 (s) U(C=O); mass spectrum, mlz 469 
(parent ion). 
Anal: Cale .. for C13H24O2P2Pt: 
Found: 
C,33.3 H, 5.2 P, 13.2 r 
C,33.5 H, 5.2 P, 13.0 /4 
The complexes {C(CH2)4CC(O)O}Pt(depe) 69b [3 1P{ 1H} n.m.r. (CD2Cl2) 8 
38.4 (t, 11Pt-P=3717Hz), 57.9 (t, 11Pt-P=1811Hz); I.R. (KBr) 1615cm-l (s) U(C=Q); 
mass spectrum, mlz 525 (parent ion)], and {C(CH2)4CC(O)O}Pt(dcpe) 69c 
[31 P{ 1H} n.m.r. (CD2Cl2) o 50.5 (s, 11Pt-P=3752Hz), 66.5 (s, 11Pt-P=1845Hz); I.R. 
(KBr) 1625cm-1 (s) U(C=O); mass spectrum, mlz 741 (parent ion)] were made 
similarly. The sample of {C(CH2)4CC(O)O}Pt(depe) 69b contained ca. 15% 
(C6H9)Pt(OCO2H)(depe) 71; 3lp{ 1H} n.m.r. (CD2Cl2) o 34.2 (s, 11Pt-P=3905Hz), 
51.4 (s, 11Pt-P=1727Hz); mass spectrum, mlz 543 (parent ion), due to traces of 
water in the carbon dioxide. The insertion products, 6 9 b and 6 9 c could not 
be isolated analytically pure despite attempts to purify them by fractional 
crystallization. 
{ C{CH2).4CC{C02Me)=C{C02Me) l Pt{dmpe) 70a 
A solution of 59a (0.39g, 0.91mmol) 1n THF (25cm3) was treated 
with dimethyl acetylenedicarboxylate (0.17cm 3, l.37mmol) and the dark red 
solution was stirred for two hours. Removal of solvent gave an oily solid 
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which, after addition of n-pentane (15cm3) and trituration, yielded an 
orange-brown powder. The solid was isolated, washed twice with hot 
n-hexane (15cm3) and dried in vacuo to give (0.32g, 61 %) {C(CH2)4C C-
(CO2Me)=C(CO2Me)}Pt(dmpe) 70a, mp 182°C dee; 1H n.m.r. (CD2Cl2) o 1.4-1.9 
(m, CH2, CH3), 2.1, 2.6 (br s, CH2P), 3.54, 3.59 (each s, OCH3); 13c { 1 H} n.m.r. 
(CD2Cl2) o 16.0-38.0 (m, CH2, CH3), 52.7, 53.4 (each s, OCH3), 125.2, 139.0, (each 
s, PtC=C), 128.5, 165.0, (each d, Pt-C, 195Pt satellites not detected), 184.5, 185.0 
(s, C=O); 3lp{ lH} n.m.r. (CD2Cl2) o 22.7 (s, 11Pt-P=2200Hz), 25.7 (s, 
1Jp1_p=1574Hz); I.R. (KBr) 1710cm-1 (s), 1685cm-1 (s) U(C=O); mass spectrum, 
ml z 561 (parent ion). 
Anal: Cale. for C1gH24O4P2Pt: 
Found: 
C, 38.1, H, 5.3, P, 10.9 Z 
C, 38.4, H, 5.3, P, 10.7%' 
The complex {C(CH2)4CC(CO2Me)=C(CO2Me)}Pt(depe) 70b was made 
similarly from 59b, in 65% yield, mp 148° dee; 1H n.m.r. (CD2Cl2) o 1.0-1.7 
(m, CH2, CH3), 1.8, 2.7 (each br s, CH2P), 3.59, 3.61 (each s, OMe); 3 l P { 1 H} 
n.m.r. (CD2Cl 2) o 50.5 (s, I J Pt-P=2258Hz), 51.5 (s, l 1Pt-P= 1616Hz); I.R. (KBr) 
1715cm-1 (s), 1690cm-1 (s) U(C=Q); mass spectrum, mlz 623 (parent ion). 
Anal: Cale. for C22H3gO4P2Pt: C, 42.4, H, 6.2, P, 9.9 °~ 
Found: C, 42.1, H, 6.4, P, 9.3 % 
Complex { C(CH2)4CC(CO2Me)=C(CO2Me) }Pt(dcpe) 70c [1 H n.m.r. (CD2Cl2) 
o 1.0-2.8 (m, CH, CH2, CH2P), 3.52, 3.59 (each s, OMe); 3 l P { 1 H} n.m.r. (CD2Cl2) o 
59.2 (d, 2Jp1-P2=3.3Hz, 11Pt-P=2329Hz), 58.9 (d, 2Jp1-P2=3.3Hz, 11Pt-P=1684Hz); 
I.R. (KBr) 1730cm- 1, 1670cm-1 (s) U(C=O); mass spectrum, mlz 839 (parent 
ion)] was similarly prepared from 59c but was contaminated by several by-
products. 
92 
{ CCCH21.4CCC =NBu t) l PtCdei;,e) 
A solution of (C6H g)Pt(depe) (0.10g, 0.2 lmmol) 59a in THF (25cm3) was 
treated with tert-butylisocyanide (21µ1, 0.2lmmol) and the mixture was 
stirred at room temperature for 24hr. Evaporation to dryness in vacuo gave a 
cream solid identified by 3 l P { 1 H} n.m.r. and i.r. spectroscopy as a mixture of 
59a and {C(CH2)4CC(=NBul)}Pt(depe) 72a; 3lp{ lH} n.m.r. (CD2Cl2) 72a 8 48.6 
(s, 11Pt-P=l836Hz), 33 .2 (s, 11Pt-P=l620Hz); I.R. (KBr) 1610cm-1 (s) U(C=N), in 
ca. 1:1 proportion. 
The dcpe analogue {C(CH2)4CC(=NBul)}Pt(dcpe) 72b, [3lp{ 1H} n.m .r. 
(CD2Cl2) 8 56.9 (d, 2Jp1-P2=2.6Hz, 11Pt-P=l836Hz), 44.7 (d, 2Jp1-P2=2.6Hz, 
11Pt-P=l592Hz); I.R. (KBr) 1615cm-1 (s) U(C=N)], was made similarly from 
(C6H g)Pt(dcpe) 59c and tert-butylisocyanide but could not be separated from 
starting mate rial. 
{ C(CH2l4CC( =NBu t)C( =NBu t)} Pt(dmpe) 73 a 
A solution of 59a (0.23g, 0.53mmol) and tert-butylisocyanide 
( 0. 1 8 cm 3, 1.59mmol) in benzene (25cm 3) was stirred for three days at room 
temperature. Solvent was removed under vacuum to leave a cream solid 
which was washed three times with n-hexane ( 15cm3) and dried in vacuo to 
give (0.23g, 74%) of {C(CH2)4CC(=NBul)C(=NBul)}P~(dmpe) 73a; 1H n.m.r. 
(CD2Cl2) o 1.0-2.0 (m, CH2, CH3), 1.5 (s), 1.9 (s) (CH3C); 3lp{ 1H} n.m.r. (CD2Cl2) 
8 12.0 (d, 2Jp1-P2=5.1Hz, 11Pt-P=l845Hz), 16.9 (d, 2Jp1-P2=5.1Hz, 11Pt-P=l838Hz); 
I.R. (KBr) 1615cm-1 (s), 1560cm-1 (s) U(C=N), 1585cm-1 (w) U( C=C ) ; mass 
spectrum, ml z 641 (parent ion). 
Anal: Cale. for C22H42N 2P2Pt: 
Found: 
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C, 44.6 H, 7.2 N, 4.6 °,{ 
C, 43.5 H, 7.2 N, 4. 1 % 
A second sample also gave a low carbon analysis. 
Found: C, 43.2 H, 7.3 N, 4.0 ;{ 
The complex { C(CH2)4CC( =NBu t)C(=NBut) }Pt(depe) 73b (0.20g, 71 %); 1 H 
n.m.r. (CD2Cl2) o 1.0-2.0 (m,CH2, CH3), 1.2, (s) 1.3 (s) (CH3C); 13c { 1 H} n.m.r. 
(CD2Cl2) o 15.0-30.0 (m, CH2P, CH2, CH3), 31.3 (s), 32.4 (s) (CH3C), 54.S(s) , 55.9 
(s) (CH3C), 142.0 (s, PtC=C), 160.6 (dd, 2Jp_c+ 2JP'-c=l 15Hz, Pt satellites not 
detected,,PtC=C), 171.6 (dd, 11Pt-c=821Hz, 2Jp_c+ 2Jp·-c=105Hz, PtC=N), 180.2 (dd, 
21Pt-c=100Hz, 3Jp_c+ 3Jp•-c=74Hz, PtC-CN). 31 P{ 1H} n.m.r. (CD2Cl2) o 34.9 (d, 
2Jp1-P2=8.3Hz, 11Pt-P=1907Hz), 45.8 (d, 2Jp1-P2=8.3Hz, 11Pt-P=1875Hz); I.R. 
(KBr) 1620 cm- 1 (s), 1565cm-1 (s) U(C=N), 1575cm-1 (w) U(C=C); mass spectrum, 
ml z 64 7 (parent ion), was made similarly from 5 9 b. 
Anal: Cale. for C26HsoN 2P2Pt: 
Found: 
_IDfil4} Pt Cd mp LJ 
C, 48.1 H, 7.8 N, 4.3 % 
C, 47.4 H, 8.3 N, 4.0 % 
A solution of (C6H g)Pt(dmpe) 59a (0.29g, 0.68mmol) and 3-hexyne 
(92µ1, 0.81mmol) in benzene (20cm3) was refluxed for one hour. Removal of 
solvent gave a brown oil which crystallized on addition of n-pentane 
( 10cm 3). The solid was isolated, washed twice with with n-pentane, and dried 
zn vacuo to give a yellow solid tentatively formulated as a 
metallacyclopentadiene complex (C4Et4)Pt(dmpe) (0.08g, 23%), mp 162°C dee; 
31 P{ 1H} n.m.r. (CD2Cl2) o 19.6 (s, 11Pt-P=1601Hz); I.R. (KBr) 1580cm- 1 (w) 
U(C=C)· 
(C4Et4)Pt(depe) was similarly made from 59b and 3-hexyne, 
(0.10g, 21 %), mp 156°C dee; 1 H n.m.r. (CD2Cl2) o 1.0-1.8 (m, CH2, CH3), 2.2, 2.6 
(br s, CH2P); 31 P{ 1H} n.m.r. (CD2Cl2) o 48.5 (s, 11Pt-P=1653Hz); I.R. (KBr) 
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1585cm-1 (w) U(C=C); mass spectrum, m / z 565 (parent ion). Subsequent 
attempts to repeat these preparations were unsuccessful and only starting 
material was recovered. 
{ CCCHil4CCHCCOOMe)CHCCOOMe) l PtCdepillj 
To (C6Hs)Pt(depe) 59b (ca. 50mg) 1n benzene-d6 (0.5cm3) in an 
n.m.r. tube was added dimethylmaleate (0. lcm3). The tube was left to stand at 
100 C and the reaction was monitored by 31 P { 1 H} n.m.r. spectroscopy. After 
nine days the 3 1 P { 1 H} n.m .r. spectrum showed peaks at o 47.3 (s, 
11Pt-P=2464Hz), 47.3 (s, 1JPt-P=1594Hz), due to {C(CH2)4CCH(COOMe)-
CH(COOMe)}Pt(depe) 74 and o 43.5 (s, 1Jp1_p=4088Hz), 52.9 (s, 11Pt-P=1613Hz) 
due to (C6H9)Pt(OOCCH=CHCOOMe)(depe) 75; 1 H n.m.r. (C6D6) 75 o 5.6 (d, 
2JPt-tt=63Hz, 3Jp_H=8Hz, C=CH). 
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CHAPTER THREE 
SYNTHETIC ROUTES TO, AND REACTIVITY OF, CYCLOALKYNE 
COMPLEXES OF NICKEL CONTAINING VARIOUS 
MONODENTATE AND BIDENTATE TERTIARY PHOSPHINE 
LIGANDS. 
3.1 INTRODUCTION 
Many stable monomeric complexes of zerovalent group 10 metals 
containing a 1t-bonded alkyne ligand are known.1 Of these, the platinum 
complexes are normally easiest to isolate and the nickel complexes the most 
difficult. Nevertheless, a wide variety of alkyne-nickel complexes have been 
isolated and structurally characterized.2- 4 Both alkyne-platinum and 
alkyne-palladium complexes can be made by the displacement of triphenyl-
phosphine ligands from M(PPh3 )n (n=3,4) by alkyne ligands. Alkyne-
nickel(0) complexes can be prepared 1n a similar manner, 1.e. by 
displacement of an ethylene ligand from the complex (11 2-H2C=CH2)NiL2 by 
an alkyne ligand (Eq. 3.1). 
R 
RC=CR 
R 
R = Me, Et, Ph 
Equation 3.1. 
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Cycloalkyne complexes of platinum and palladium have been 
synthesized by the reduction, by 1 % sodium amalgam, of 1,2-dibromo-
cycloalkenes In the presence of appropriate triphenylphosphine-metal(O) 
comp 1 exes; 5,6 one would expect that cycloalkyne-nickel(O) complexes should 
be obtainable in a similar manner. Indeed, preliminary work in 1975 by 
Dr. R. Cozens of this group showed that the cyclohexyne-nickel complex 
(C6Hs)Ni(PPh3)2 56 can be isolated from the 1% sodium amalgam reduction 
of 1,2-dibromocyclohexene in the presence of (C2H4)Ni(PPh3)2 (Eq. 3.2). 
However, little is known about (C6Hs)Ni(PPh3)2, and its structure and 
reactivity have never been investigated. 
Br 
Br 
1% Na/ Hg 
56 
Equation 3.2. 
Much more IS known of the chemistry of benzyne-nickel 
complexes. The reactivity of (C6H4)NiL2 (L2 = dcpe 32, 2PPri3 38b) towards a 
variety of substrates, including phosphine ligands, protonic solvents and 
unsaturated molecules, has been studied in detail in this group.7 ,8 However, 
the benzyne analogue of (C6H g)Ni(PPh3)2 56 has never been prepared, 
despite several attempts to do so (Scheme 3. 1). 8 
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1 % Na/ Hg 
X .. 
(a) Reduction of 2-halophenylnickel(II) complexes. 
(b) Phosphine substitution. 
Scheme 3.1: Attempted preparations of (C6H4)Ni(PPh3)2. 
This chapter describes vanous methods of prepanng cycloalkyne-
nickel complexes containing either monodentate or bidentate tertiary 
phosphine ligands. An investigation of the reactivity of these complexes 
towards vanous substrates, including small unsaturated molecules and 
electrophiles, 1s reported. The synthesis, structure and reactivity of 
cycloalkyne-nickel complexes are compared with those of cycloalkyne-
platinum and benzyne-nickel complexes. The possible mechanisms of 
formation of cycloalkyne-nickel complexes will also be discussed. 
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3.2 RESULTS 
3.2.1 Preparation of cyclohexyne-nickel(O) complexes 
The cyclohexyne-nickel complexes (C6Hg)Ni(PPh3)2 56, (C6Hs)Ni-
(PEt3)2 77a and (C6Hg)Ni(dcpe) 78 were synthesized by reduction of 1,2-
dibromocyclohexene, by 1 % sodium amalgam, 1n the presence of the 
appropriate ethylene-nickel(0) phosphine complexes (Scheme 3.2). Complex 
5 6 was isolated from either n-hexane or ether at room temperature as a 
golden brown solid in 56% yield, and 78 was isolated from ether at -30°C as a 
yellow crystalline solid in 61 % yield. The complex 7 7 a could not be 
crystallized, even from n-pentane at -78°C, and was isolated as a yellow oil. 
The cyclohexyne-nickel complexes are air sensitive, extremely so 1n 
solution, and are soluble in most common organic solvents. 
Br 
11-Nil.i Br 1% Na/ Hg 1-Nil.i 
L2= 2PPh3 56, 2PEt3 77a 
2PCy3 77b, dcpe 7 8 
Scheme 3.2: Preparation of new cyclohexyne-nickel complexes. 
The 1 % sodium amalgam reduction of 1,2-dibromocyclohexene in 
the presence of (C2H4)Ni(PCy3)2 gave, after 24hr, an oil whose 1.r. spectrum 
showed a band of medium intensity at l 720cm- 1, suggestive of the presence 
of (C6Hs)Ni(PCy3)2 77b. The 3lp{ 1H} n.m.r. spectrum of the oil showed four 
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main peaks at o 9ppm, 37ppm, 45ppm and 49ppm, those at 9ppm and 37ppm 
being due to unchanged \ and PCY3 91 (C2H4)Ni(PCY3)2! /espectively. The peak 
at 49ppm 1s assigned to 7 7 b and that at 45ppm is due to Ni(PCy3) 3. A n 
authentic sample of Ni(PCy3 )3 was prepared by the method of Jolly 
et a[lO and its 31 P { 1 H} n.m.r. spectrum showed one peak, at o 45.6ppm. After 
36hr the major products of the reduction reaction were PCy3 and Ni(PCy3)3 . 
Complex 77b decomposed in solution under an inert atmosphere within 24hr 
to give Ni(PCy3) 3 and is therefore less stable than 5 6, 7 7 a and 7 8. Apart 
from its spectroscopic characterization, the chemistry of 7 7 b will not be 
discussed further. 
In contrast to a previous report, 11 the reaction of anhydrous 
bis( acety l acetonato )nickel, Ni ( ac ac )2, 1,2-bi s ( dipheny l pho sph in o )ethane, 
dppe, and triethylaluminium in an ethylene atmosphere did not give pure 
(C2H4)Ni(dppe). The yellow solid isolated showed 31 P { 1 H} n.m.r. singlets at o 
43.9ppm, probably due to Ni(dppe)212, and at o 45.3, which may be due to 
(C2H4)Ni(dppe), the intensity ratio being ca. 7:3. Reduction, by 1 % sodium 
amalgam, of 1,2-dibromocyclohexene in the presence of the solid did not 
give the cyclohexyne complex (C6H g)Ni(dppe) 57. The complex Ni(dppe)2 
was identified as the only phosphorus-containing product from this 
reaction. However 5 7 can be prepared from the reaction of equimolar 
amounts of 56 and dppe in benzene, as will be described in Section 3.2.4a. 
Alternatively, the cyclohexyne-nickel complexes (C6 H 8) Ni (PPh3)2 
56 and (C6Hs)Ni(PEt3)2 77a can be synthesized by reduction of 
1,2-dibromocyclohexene, by 1 % sodium amalgam, 1n the presence of 
bis( 1,5-cyclooctadiene)nickel, Ni(COD)2, and two molar equivalents of either 
triphenylphosphine or triethylphosphine, respectively. In this way both 5 6 
and 7 7 a can be formed, although the major products of the re spective 
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reactions are Ni(PPh3)3 13 and Ni(PEt3)3 14 (Scheme 3.3). A similar reaction 
involving trimethylphosphine, PMe3, led to the exclusive formation of 
Ni(PMe3)414 as identified by 3 1P{ 1H} n.m.r. spectroscopy (Scheme 3.3). 
Ni(CODh + PR3 
R=Ph, Et 
Br 
Br_ 
1 % Na/ Hg 
0 1 1 PR3 -Ni ' PR3 
R=Ph 56, Et 77 a 
+ 
Scheme 3.3: Preparation of cyclohexyne-nickel complexes from Ni(COD)2· 
The 1 % sodium amalgam reduction of 1,2-dibromocyclohexene in 
solutions of Ni(COD)2 and a molar equivalent of either depe or dppe gave 
complexes of the type Ni(P-P)2 (Scheme 3.4). The products were identified by 
comparison of their 31 P { 1 H} n.m.r. spectra with those of authentic 
samples, 1 2, 15 and no evidence was obtained to suggest formation of 
(C6H g)Ni(P-P) in these reactions. A similar reaction involving dmpe gave an 
oil, shown by 31 P { 1 H} n.m.r. spectroscopy to be a mixture of two products m 
ca. 3: 1 ratio. The major product was identified as Ni( dmpe )2; 14 the minor 
product exhibited a singlet at o 24.1 ppm. The 1.r. spectrum of the oil showed a 
very weak band at 1715cm-l, which could be due to the 'C=C' stretching 
frequency of (C6 H 8 )Ni(dmpe). However, the two products could not be 
separated by fractional crystallization and therefore the formulation of the 
minor product as (C6H 8 )Ni(dmpe) could not be confirmed. Attempts to 
prepare (C6H g)Ni(dmpe) from the reaction of 5 6 and dmpe will be discussed 
in Section 3 .2.4a. 
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Br 
+ 
Br_ 
Ni(COD)i 
1 % Na/ Hg 
Scheme 3.4: Attempted preparation of complexes of the type (C6Hs)Ni(P-P) 
from Ni(COD)2, (P-P = depe, dppe). 
3. 2. 2. Spectroscopic and structural properties of new 
cyclohexyne-nickel(O) complexes 
The cyclohexyne-nickel(0) complexes (C6Hs)NiL2 (L2=2PPh3 56, 
dppe 57, 2PEt3 77a, 2PCy3 77b, dcpe 78) have been identified on the basis of 
n.m.r. and i.r. spectroscopic data. The compositions of both 5 6 16 and 7 8 have 
been confirmed by microanalysis and a single crystal X-ray study of 7 8 has 
been carried out by Dr. A. C. Willis of this School. The most important 
spectroscopic data for the cyclohexyne-nickel(0) complexes are summarized 
in Table 3 .1, and the structural data of 7 8 are collected in Appendix 1. 
A strong band at ca. 1700cm- 1 in each of the i.r. spectra of 56, 57, 
77a-b and 78 is assigned to U(C=C) modified by coordination. This value is 
similar to that observed 1n cyclohexyne-platinum complexes. 5 , 1 7 The 
presence of electron-donating phosphine ligands 1n cyclohexyne-nickel 
complexes reduces the U(C=C) value of 77a and 78 by ca. 20cm- 1 relative to 
that of 5 6. This decrease is presumably caused by greater back-bonding of 
electrons from nickel d-orbitals to cyclohexyne 1t • orbitals, thus reducing 
the C=C bond order. The i.r. spectra of (C6Hs)Pt(PPh3)2 26 and its nickel 
analogue 5 6, shown in Figure 3 .1, are very similar except for intensity 
differences, and suggest the two complexes to be structurally related . 
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1601 
3000 1600 1400 1200 1000 800 
cm· 1 
(a) Infrared spectrum of (C6Hs)Pt(PPh3)2 26 
1601 r 
3000 1800 1600 1400 1200 1000 800 
cm· 1 
(b) Infrared spectrum of (C6H g)Ni(PPh3)2 5 6 
Figure 3.1: Infrared spectra of the cyclohexyne-metal complexes 
(C6Hs)Pt(PPh3)2 26 and (C6H g)Ni(PPh3)2 56. 
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A resonance at ca. o 140ppm in the 13C{ lH} n.m.r. spectra of 56, 
7 7 a - b and 7 8 1s due to the coordinated cyclohexyne carbon atoms. The 
signal appears as a five-line pattern, typical of an AA'X spin system, the 
separation of the outer lines, Jp _ c + Jp • -C, being ca. 80Hz. The pattern is 
similar to that observed in the 13C{ 1H} n.m.r. spectra of (C6H4)Ni(dcpe) 32 7 
and several complexes of the type (RC2R) Ni ( PR 3 )2, l 8 and shows that the 
rotation of the cyclohexyne ligand about the metal-alkyne bond is slow on 
the n.m.r. time scale. If rotation were fast a triplet would be observed. The o 
values for the alkyne carbon atoms of ca. 140ppm are also quite similar to 
those of 3 2 7 and complexes of the type (C6 Hg) Pt ( P- P). 1 7 Thus, the 
cyclohexyne ligands of 5 6, 7 7 a - b and 7 8 are considered to donate two 
electrons to the nickel atom. 
The 13 C { 1 H} n.m.r. chemical shifts of the methylene cyclohexyne 
carbon atoms of 56 and 77a-b are in the region 25-30ppm, but 1n the 
spectrum of 7 8 these signals are masked by overlapping resonances of the 
dcpe ligand. Resonances at o 9ppm and o 20ppm in the 13 C { 1 H} n.m.r 
spectrum of 77 a are assigned to the carbon atoms of the PEt3 ligand. 
The 1 H n.m.r. spectra of 7 7 a- b and 7 8 each show overlapping 
multiplets 1n the region o 1.0-3.0ppm due to methylene nng protons and 
protons from phosphine ligands. The methyl protons of the PEt3 ligands of 
7 7 a are observed as a triplet at o l.0ppm. Two broad singlets, at o 1. 7ppm and 
2.7ppm, in the 1 H n.m.r. spectra of 56 are due to the methylene ring protons 
and a series of multiplets in the region o 6.9-7.6ppm are due to protons of the 
PPh 3 ligands. 
The 3 l P { 1 H} n.m.r. spectra of 56, 57, 77a-b and 78 each consist of 
a single resonance (Table 3.1). Periodic monitoring of solutions of 56, 7 7 a 
and 78 in benzene at room temperature by 31p { 1 H} n.m.r. spectroscopy 
107 
1 
shows the cyclohexyne nickel complexes to be stable in solution for two 
weeks 1n the absence of air before appreciable decomposition occurs . The 
complexes 5 6 and 7 7 a decompose to give the nickel(0) complexes Ni(PPh3 )3 
and Ni(PEt3)3, respectively, and a black deposit, presumably nickel metal. 
Complex 78 decomposes after two weeks in benzene, giving two inseparable 
products characterized by 31 P { 1 H} n.m.r. singlets, at o 55ppm and 60ppm. The 
nature of the these products is unknown although the known complex 
(112-C6H6)Ni(dcpe) 19 could be one product. The mass spectrum of 78 shows a 
parent ion at ml z 560 but parent ions could not be observed in the mass 
spectra of the other cyclohexyne-nickel(0) complexes. 
Table 3.1: 31 P { 1 H} n.m.r., I 3c { 1 H} n.m.r. and i.r. spectroscopic data for 
cyclohexyne-nickel complexes (C6Hs)Ni(PPh3)2 56, (C6Hs)Ni-
(dppe) 57, (C6Hs)Ni(PEt3)2 77a, (C6Hs)Ni(PCy3)2 77b, and 
(C6Hs)Ni(dcpe) 78. 
31 P chemical shifts op, measured m CD2Cl2 unless otherwise stated, are m ppm to 
high frequency of 85% H3P04 (positive). 
13C chemical shifts oc measured in CD2Cl2 unless otherwise stated. Coupling 
constants, J, are in Hz; i.r. spectra measured as KBr discs unless otherwise stated. 
Complex oP OC(JPC+P'C) 
56 43.1 137.8 (65) 1735 
57 60.6 n.o. 1720 
77a 30.4a 139.7 (72)a 1715b 
77b 49. 1a 138.2 (80)a 1120b 
78 79.1 141.5 (97) 1710 
n.o. = not observed. 
a. Measured in C6D 6· 
b. i.r. of complex measured as a neat oil. 
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The structure of (C6Hs)Ni(dcpe) 78 has been solved by Dr. A. C. 
Willis of the Research School of Chemistry. The crystal shows a slight 
disordering of the CH2 groups of the cyclohexyne ligand and of one 
cyclohexyl group of the phosphine ligand, but these disorders have been 
successfully modelled. The molecular geometry of 78 is shown in Figure 3.2 
and selected bond lengths and bond angles are summarized in Table 3 .2. The 
data collection details are summarized in Appendix 1. 
The molecule consists of a central nickel atom, coordinated by a 
112-cyclohexyne ligand [Ni-Cl=l.875(4)A; Ni-C2=1.864(4)A] and the chelating 
di(tertiary)phosphine [Ni-P1=2.139(1) A; Ni-P2=2.138(1) A]. The coordination 
geometry is close to trigonal planar, assuming one coordination site to be the 
mid-point of the coordinated triple bond, characteristic of alkyne complexes 
of zerovalent group 10 metals.20 Both the M-C and M-P bond distances in 7 8 
are approximately 0.15A shorter than those 1n the cycloalkyne-platinum 
complexes, cf. Pt-C 2.040(5)A (average) and Pt-P 2.268(1 )A (average) in 
(C6Hs)Pt(PPh3)2 26.21 However, the M-C and M-P bond distances of 78 [Ni-C 
1.869(4)A (average) and Ni-P 2.146(1)A (average)] are comparable with those 
in the benzyne-nickel complex (C6H4)Ni(dcpe) 32.7 Similarly, the Ni-P and 
Ni-C bond distances in 7 8 are comparable with those obtained for the linear 
alkyne-nickel complexes (HC2H)Ni(PPh3)2, 22 (PhC2Ph)Ni(dmpe) 18 and 
(Me2O 2CC2CO2Me )Ni(PPh3)2. 23 
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Figure 3.2: Molecular geometry of (C6H g)Ni(dcpe) 78. 
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Table 3.2: Selected bond lengths and interbond angles for (C6H s)Ni(dcpe) 
78. 
Bond lengths (A) Bond angles (O) 
Ni - Pl 2.139 (1) Pl - Ni - P2 91.3 (1) 
Ni - P2 2.138 (1) Cl - Ni - C2 39.7 (2) 
Ni - Cl 1.875 (4) Cl - C2 - C3 128.4 (4) 
Ni - C2 1.867 (4) C2 - C3 - C4 106. 7 (5)a 
Cl - C2 1.272 (5) C3 - C4 - C5 111.3 (8)a 
C2- C3 1.480 (6) C4- CS - C6 119.3 (8)a 
C3 - C4 1.540 (I0)a CS - C6 - Cl 107.4 (5)a 
C4-C5 1.430 (12)a 
C5 - C6 1.530 (I0)a 
C6- Cl 1.504 (6) 
a. Averaged values based on modelling of disorder. 
The Cl-C2 bond distance of l.272(5)A in 7 8 falls within the range 
of l .25-l .30A commonly observed for (alkyne)NiL2 complexes, eg. l .290(3)A 
1n (PhC2Ph)Ni(dmpe) l 8 and l.279(8)A in (MeO2CC2CO2Me)Ni(PPh3)2,23 and 
lies between those for normal C=C ( 1.20A) and C=C ( 1.34A) bonds. 4 The C l-C2 
bond distance is ca. 0.02A shorter than those in cycloalkyne-metal complexes 
so far characterized, e.g. l.297(8)A for (C6Hs)Pt(PPh3)2 26 (Table 1.3).21 
However, the mean deformation (from 180°) of the internal C= C-C angles 
(53.1 °) is ca. 14° greater than that of the calculated value for cyclohexyne 
(3 9. 6°) 21 and is similar to those in zirconocene and platinum cyclohexyne 
complexes (Table 1.3 ). 21, 24 
The C-C-C angles of the cyclohexyne ligand are all within 7° of the 
value for a regular tetrahedron although, due to the disorder in the 
cyclohexyne ligand, these values are not as precise as desirable. The bond 
distances between the sp- and sp3 - hybridized carbon atoms ( C l-C6, 
l.504(6)A; C2-C3, l .481(6)A) of the cyclohexyne ligand do not differ 
I I 1 
'l 
significantly from the expected range of 1.4 7-1.48A. 25 These C-C-C bond 
angles and bond lengths of the cyclohexyne ligand of 7 8 are quite similar to 
those observed for the cyclohexyne ligand of (C6Hs)Pt(PPh3)2 26. 21 
3.2.3 The mechanism of formation of cyclohexyne-nickel 
complexes 
One possible mechanism for the formation of cycloalkyne 
complexes of zerovalent group 10 metals 1s the displacement of a ligand, L, 
from complexes of the type ML3 _4 by excess cycloalkyne, the latter being 
generated by 1% sodium amalgam reduction of the appropriate 
1,2-dibromocycloalkene. The complex (C11H 14)Pt(PPh3)2 25, (Ct 1H 14 = 
4-homoadamantyne), is believed to form in this way (see Scheme 1.6).6 In an 
alternative two-step mechanism, the ML3 _4 complexes may first react with 
1,2-dibromocycloalkenes g1v1ng either metal(0) 1t -complexes of the 
dibromocycloalkene or metal(II) oxidative addition products. These 
complexes are then reduced to cycloalkyne-metal(0) species by 1 % sodium 
amalgam. As discussed in Chapter 1, (p. 24), the cyclopentyne-platinum 
complex (C5H6)Pt(PPh3)2 27 is known to form by the reduction of the 
1t-complex of 1,2-dibromocyclopentene (11 2-CsH6Br2)Pt(PPh3)2 30a 26 ,27 and 
it is believed that (C7H 1o)Pt(PPh3)2 24 and (C6Hs)Pt(PPh3)2 26 form in a 
similar manner.28 It has not been possible to synthesize cycloalkyne-
platinum(0) complexes by 1 % sodium amalgam reduction of platinum(II) 
precursors, despite several attempts to do so. 26, 29 In contrast, the benzyne-
nickel complex (C6H4)Ni(dcpe) 32 1s formed by reduction of (C6H4Br-2)Ni-
(Cl)(dcpe) by 0.5% sodium amalgam.7 A summary of the possible routes to 
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cyclohexyne and benzyne complexes of group 10 metals 1s outlined in 
Scheme 3.5. 
Br 
1 % Na/Hg 
... 11 ... 11-MLi 
Br 
Na/Hg 
Br 
M(Br)Li_ 
Scheme 3.5: Proposed mechanisms for the formation of cycloalkyne-
metal and benzyne-metal complexes (M = Ni, Pd, Pt). 
In an attempt to learn about the mechanism of formation of the 
cyclohexyne-nickel(0) complexes, the reactions of excess 1,2-dibromo-
cyclohexyne with various nickel(0) precursors were studied in the absence 
of 1 % sodium amalgam, the products being identified by 3 l P { 1 H} n.m .r. 
spectroscopy. The results are summarized in Table 3.3. There was no evidence 
to suggest that stable 1t-complexes of 1,2-dibromocyclohexene, (11 2-C6H 8 B r2)-
N i L2 (L2 = dcpe 80a, 2PPh3 80b) were formed in these reactions. Only in the 
reaction with (C2 H 4 )Ni(dcpe) were small amounts of the 2-bromo-
cyclohexenyl complex (C6H gBr-2)NiBr(dcpe) 79a detected, the main product 
being NiBr2(dcpe). 
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Table 3.3: Summary of results from the reaction of 1,2-dibromocyclo-
hexene with various Ni(0) complexes. 
Ni(0) complex reaction time products 
Ni(COD)2 + PPh3 48hr Ni(PPh3)3 
Ni(COD)2 + PCy3 48hr Ni(PCy3)3 
(C2H4)Ni(PPh3)2 24hr Ni(PPh3)3 
(C2H4)Ni(PCy3)2 24hr Ni(PCy3)3 
(C2H4)Ni(dcpe) 24hr NiBr2(dcpe) 
(C6HsBr-2)NiB r(dcpe)a 
(C6Hs)Ni(dcpe) 48hr (C6H8 Br-2)Ni Br(dcpe) 
NiBr2(dcpe)a 
a. mmor product. 
Complex 79a 1s formed as the main product from the reaction of 
1,2-dibromocyclohexene with (C6 Hg )Ni(dcpe) 7 8; it was identified on the 
basis of its 3 l P { 1 H} n.m.r. spectrum, which showed an AB quartet with a 
J p 1 -P2 value of 11 Hz. If the reaction is left for longer periods (>48hr) 7 9 a 
decomposes to NiBr2(dcpe). The decomposition is accelerated considerably if 
the solution is heated. Again, in this reaction there is no evidence for the 
formation of the 1t-complex (11 2-C6HgBr2)Ni(dcpe) 80a. 
Reduction of 79a by 1 % sodium amalgam yielded the cyclohexyne-
nickel complex (C6H g)Ni(dcpe) 78, identified in situ by comparison of its 
3 l P { 1 H} n.m.r. and i.r. spectra with those of an authentic sample (Table 3.1). 
The solution also shows a singlet at 8 56ppm in its 31 P { 1 H} n.m.r spectrum 
due to a small amount of by-product whose formulation remains unknown. 
114 
I 
I 
II 
The reactivity of 7 8 towards 1,2-dibromocyclohexene and the 1 % sodiu m 
amalgam reduction of 79a are summarized in Scheme 3.6. 
CXBr Br 
Cy2 I ~2 p 
1-N(J Br /J N. 
1%Na/Hg B/ \ p 
Cy2 Cy2 
78 79a 
Scheme 3.6: Preparation and reactivity of (C6HsBr-2)NiBr(dcpe) 79a. 
These results suggest that 7 9 a is a plausible precursor to 7 8 in the 
preparation based on (C2H 4)Ni(dcpe). Presumably it is rapidly reduced by 
sodium amalgam under the reaction conditions and, when sodium amalgam is 
absent, other reaction pathways predominate (see later discussion) . The 
reaction sequence leading to 7 8 therefore reproduces 1n one pot a sequence 
similar to that used for the preparation of benzyne-nickel(O) complexes (See 
Chapter 1, p. 30). It 1s likely that the cyclohexyne-nickel complexes 
(C6Hs)NiL2 (L = PPh3 56, PEt3 77a, PCy3 77b) are also formed by this 
mechanism, but as the appropriate nickel(II) complexes could not be 
detected, or synthesized separately, this proposal could not be tested. 
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3.2.4 Reactivity of cyclohexyne-nickel complexes 
(a) Monodentate and bidentate tertiary phosphines 
the 
In contrast to /\ preliminary result obtained by Dr. R. Cozens, the 
complex (C6H g)Ni(dppe) 57 could not be isolated analytically pure from the 
reaction of (C6Hg)Ni(PPh3)2 56 with 1,2-bis(diphenylphosphino)ethane 1n 
benzene over 12hr. The yellow solid isolated from this reaction contained ca. 
80% 57 and 20% Ni(dppe)2, identified by 3lp{lH} n.m.r. spectroscopy 
(Scheme 3.7). The reaction of equimolar amounts of S 6 and 
1,2-bis(dicyclohexylphosphino)ethane (dcpe) under similar conditions gave 
(C6H g)Ni(dcpe) 78 as the major product along with a small amount of 
Ni ( de pe )2. The yellow complex Ni(dcpe)2 has been prepared by reduction of 
Ni ( ac ac) 2 by Al(Et)2 (OEt) in the presence of a two molar equivalent of 
dcpe.30 An independent synthesis of Ni(dcpe)2, reported by Connor and 
Riley ,3 1 proceeds by reaction of nickelocene and dcpe in refluxing toluene. 
However, in this reaction a purple solid is isolated which is believed to be the 
three-coordinate complex Ni(dcpe-PP')(dcpe-P). 
Attempts to prepare the complexes (C6Hg)NiL2, (L=PMe3, PEt3; 
L 2 =depe) by displacement of PPh3 from 56 failed; the appropriate 
nickel(0) phosphine complexes Ni(PMe3)4, 14 Ni(PEt3)3 14 and Ni(depe)2 1 5 
were the major products (Scheme 3.7). A small amount of (C6Hg)Ni(PEt3)2 
77a, detected by 31p{ lH} n.m.r. spectroscopy, was obtained from the reaction 
of excess 5 6 with triethylphosphine. The reaction of equimolar amounts of 
5 6 and 1,2-bis(dimethylphosphino )ethane gave mainly Ni(dmpe)2 .14 There 
was also a minor product which showed in its 31 P { 1 H} n.m.r. spectrum a 
singlet at o 24.5ppm. The i.r. spectrum of the oil obtained from this reaction 
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showed a weak band at 1715cm- 1 . The spectroscopic data for the minor 
product are similar to that of the secondary product obtained by reduction of 
1,2-dibromocyclohexene, by 1 % sodium amalgam, 1n the presence of 
Ni (COD) 2 and dmpe (see p. 104 ). Therefore, it appears that small amounts of 
( C6H g)Ni(dmpe) are formed in both reactions, but the complex could not be 
separated or identified with certainty. 
I /PPh3 -Ni 
' PPh3 
R=Cy, Ph 
(CH2PR2h 
R=Me, Et 
PR3 
R=Me, Et 
+ 
or 
Ni(PEt3)3 
Scheme 3.7: Reactivity of (C6Hs)Ni(PPh3)2 26 toward various monodentate 
and bidentate tertiary phosphine ligands. 
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These results are 1n contrast to the reactivity of cyclohexyne-
platinum and benzyne-nickel complexes towards monodentate and bidentate 
tertiary phosphine ligands. Both types of complexes readily undergo 
phosphine substitution reactions without affecting the metal-carbon bond 
(See Chap. 1 p. 33 and Chap. 2 p. 52).5, 1 7 Thus, it appears the metal-
cyclohexyne bond strength of (C6H g)Pt(PPh3)2 26 is greater than that of 
(C6H g)Ni(PPh3)2 56 with respect to replacement by phosphine ligands. 
The bulky bidentate phosphine ligands dppe and dcpe can displace 
PPh3 from (C6Hs)Ni(PPh3)2 56 to form (C6Hs)Ni(P-P) (P-P = dppe 57, dcpe 
7 8 ). Tolman 14 has shown that the extent of ligand substitution in zerovalent 
nickel complexes 1s primarily controlled by steric effects; less bulky 
phosphines such as trimethylphosphine and dmpe rapidly displace 
triphenylphosphine from Ni(PPh3 )3 to form Ni(PMe3 )4 and Ni(dmpe)2 
respectively. However, triphenylphosphine can only displace one 
trimethylphosphine ligand from Ni(PMe3)4 to form Ni(PMe3)3PPh3; this 
reaction being much slower than for the displacement of PPh3 by PMe3. 
Therefore, rapid displacement of PPh3 in 5 6 by an incoming phosphine, L, 
(L = PMe3, PEt3, dmpe, depe) is expected. 
Tolman et al 32 have also shown that the complex (C2H4)Ni(PPh3)2 
rapidly loses ethylene on addition of triphenylphosphine to give Ni(PPh3 )3, 
although the equilibrium lies on the side of Ni(C2H4)(PPh3)2. This reaction 
shows that tertiary phosphines can rapidly and reversibly displace 
unsaturated molecules from zerovalent nickel complexes. Therefore, the 
first step of the reaction of (C6Hs)Ni(PPh3)2 with less bulky tertiary and 
di(tertiary) phosphine ligands, e.g. PMe3 and depe, presumably involves 
rapid substitution of triphenylphosphine by the incoming phosphine to 
give complexes of the type (C6Hs)NiL2. The final products, Ni(PR3)n 
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(R = Me, n = 4; R = Et, n = 3) or Ni(P-P) (P-P = dmpe, depe) could form by 
displacement of cyclohexyne by excess phosphine ligand. 
Whereas displacement of triphenylphosphine by less bulky 
di(tertiary) phosphines is rapid, corresponding replacements by either dppe 
or dcpe would be expected to slow. Indeed, this is the case: the cyclohexyne-
nickel intermediates (C6H g)Ni(dppe) 57 and (C6H g)Ni(dcpe) 78 can be 
detected in these reactions, even after 12hr in solution. Within 48hr, 
however, Ni(dppe)2 or Ni(dcpe)2 are the only detected products. Addition of a 
large excess of the incoming di(tertiary)phosphine to these reactions results 
in the rapid formation of Ni(dppe)2 or Ni(dcpe)2. Again, this is expected as 
the excess ligand would rapidly displace the cyclohexyne ligand of 5 6 as well 
as displacing triphenylphosphine. 
( b) Carbon dioxide, carbon disulfide, carbon monoxide, alkenes 
and alkynes 
The 1: 1 coupling of carbon dioxide and alkyne-nickel(0) 
complexes has been reported by Hoberg et al. 3 3 The fi ve-mem be red 
nickelacycles that form in these reactions react with linear alkynes, RC= C R 
(R = CF3, CO2 Me), resulting 1n the formation of seven-membered 
nickelacycles (Scheme 3.8). A similar 1: 1 coupling of unsaturated molecules 
such as carbon dioxide and dimethyl acetylenedicarboxylate with 
cyclohexyne-platinum species readily occurs (see Chapter 2, p. 63). 
Therefore it would be expected that unsaturated molecules could couple with 
cyclohexyne-nickel complexes 1n a manner similar to the coupling 
reactions reported above. 
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Scheme 3.8: Insertion of carbon dioxide into alkyne-nickel(0) bonds. 
The cyclohexyne-nickel complex (C6H g)Ni(dcpe) 78 readily 
reacted with carbon dioxide at room temperature and pressure giving the 
insertion product {C(CH2)4CC(O)}Ni(dcpe) 86 (Scheme 3.9), whose 
formulation is based on elemental analysis and spectroscopic data (see 
below). Complex 86 was isolated as an analytically pure yellow crystalline 
solid, in 81 % yield. It is air-stable and stable in solution in an inert 
atmosphere. The insertion of carbon dioxide into the cyclohexyne-nickel 
bond of 78 is irreversible. Efforts to displace carbon dioxide from 8 6 by 
heating the compound at 120° C in vacuo for four hours failed, the starting 
material being recovered quantitatively. Complex 86 was also refluxed in 
m -xylene in an effort to displace carbon dioxide, but decomposition of the 
complex occurred within ca. one hour. 
The cyclohexyne-nickel complexes (C6Hs)Ni(PPh3)2 56 and 
(C6Hs)Ni(PEt3)2 77a also reacted readily with carbon dioxide at room 
temperature but did not give insertion products of the type 
{ C(CH2)4CC(O)O} NiL2. The main product from 56 was Ni(PPh3)3, the product 
being identified on the basis of its 3 l P { 1 H} n.m.r. spectrum. Attempts to trap 
the cyclohexyne ligand presumably liberated 1n this reaction will be 
discussed in Section 3.2.5. 
120 
0 
86 
1-Nil,i 
L=PEt3 
Scheme 3.9: Reactions of cyc lohexyne-nickel complexes with carbon 
dioxide. 
Complex 77a reacted within 15 minutes with carbon dioxide to give 
Ni(PEt3)3 as shown by 31 P { 1 H} n.m.r. spectroscopy. However, after two hours 
a second complex had formed as the major species in solution. Its 31 P { .1 H } 
n.m.r. spectrum shows a broad multiplet at o 7.5ppm and the solution exhibits 
a u ( c = o) band at 1620cm- 1 in its i.r. spectrum. On the basis of these 
spectroscopic data the complex 1s identified as the known species 
(112- CO2)Ni(PEt3)2 (Scheme 3.9).34 
The 31 P { 1 H} n.m.r. spectrum of 86 shows an AB quartet (J = 22Hz). 
A resonance at o l 84ppm in the 13 C { 1 H} n.m.r spectrum of 8 6 is due to the 
ester carbon atom, but owing to the weakness of the signal the 2 J P-C value 
could not be determined. The resonance due to the vinyl carbon atom 
coordinated to nickel is observed as an apparent doublet of doublets at 
o 166.2ppm; this signal is more likely to be an AA'X pattern (A=P, X=C) the 
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middle line of the expected five-line pattern being undetected. A singlet at 
128.6ppm due to the second vinyl carbon atom is also observed. Overlapping 
resonances in the region o 20-40ppm are due to CH2 ring carbon atoms and 
those of the dcpe ligand. 
The i.r. spectrum of 8 6 shows a strong broad band at l 620cm- 1 and 
a weak band at 1555cm- 1 assigned to the U(C=O) and U(C=C) bands) respectively. 
The mass spectrum shows a parent ion peak at M+=605, together with a peak 
at m;z 481 due to the Ni(dcpe) fragment. Selected spectroscopic data of 86 are 
collected in Table 3 .4. 
The complex {C(CH2)4CC(O)O}Ni(dcpe) 86 reacted with excess 
3-hexyne at 80°C in benzene-d6, and with carbon monoxide in benzene at 
room temperature and pressure, resulting 1n displacement of the 
{C(CH2)4CC(O)O} fragment (Scheme 3.10). The complexes (EtC=CEt)Ni(dcpe) 
8735 and Ni(CO)2(dcpe) 88,36 respectively, were identified as the products of 
these reactions by 3 l P { 1 H} n.m.r. and i.r. spectroscopy, but the fate of the 
organic fragment is unknown. 
0 
86 
Et) ~Y2 
1-N( J 
Et p 
Cy2 
87 
Cy2 
p 
oc,N( J 
QC_,,, \ 
p 
Cy2 
88 
Scheme 3.10: Reactivity of {C(CH2)4CC(O)O}Ni(dcpe) 86 towards 3-hexyne 
and carbon dioxide. 
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Dimethyl acetylenedicarboxylate, however, does insert into the 
nickel-carbon cr-bond of 8 6 g1v1ng the seven-membered metallacyclic 
complex {C(CO2Me)=(CO2Me)C(CH2)4CC(O)O}Ni(dcpe) 89. The complex was 
isolated in 57% yield as an amber, air-stable, crystalline solid, which is stable 
in solution in an inert atmosphere (Scheme 3.11). 
0 0 
86 89 
Scheme 3.11: Insertion of dimethyl acetylenedicarboxylate into the Ni-C 
bond of {C(CH2)4CC(O)O}Ni(dcpe) 86. 
Complex 89 shows m its 31 P { 1 H} n.m.r. spectrum an AB quartet 
with a 2 J p 1 -P2 value of 34Hz. The 13 C { 1 H} n.m.r. spectrum shows three 
resonances, at o 186.0ppm, 175 .0ppm and 173.6ppm, due to the carbonyl 
carbon atoms, in addition to two apparent doublets of doublets, at o 163.Sppm 
and 175. lppm, (Jp_c+Jp•-c=12Hz and 106Hz respectively) which are due to the 
alkene carbon atoms a and ~ to the nickel atom. Both patterns are likely to 
arise from AA'X spin systems (A=P, X=C), even though the middle line of the 
expected five-line pattern could not be detected. Other alkene carbon 
resonances are observed as singlets at o 135.8ppm and 133.5ppm. Two singlets 
at 6 51.4ppm and 52.7ppm are due to the methoxy carbon atoms, whilst the 
remaining ring carbon atoms and the methylene and methine carbon atoms 
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of the dcpe ligand are observed as overlapping resonances 1n the reg10n o 
20-35ppm. 
Table 3.4: 31p{1H} n.m.r., 13C{ 1H} n.m.r. and i.r. spectroscopic data for the 
complexes { C(CH2)4CC(O)O} Ni(dcpe) 86, { C(C02Me)=C(C02Me)C-
(CH2)4CC(O)O} Ni(dcpe) 89, Ni(CO)2(dcpe) 88, {C(CH2)4CC(S)S} Ni-
(dcpe) 91 and [(CS2)Ni(PPh3)Jn 92. 
31 P chemical shifts op, measured in CD2C l 2 unless otherwise stated, are m 
ppm to high frequency of 85% H3P0 4 (positive). 
13C chemical shifts oc measured in CD2Cl2 unless otherwise stated. Coupling 
constants, J, are in Hz; i.r. spectra measured as KBr discs unless otherwise stated. 
Complex 
86 
89 
88 
91 
92 
a. Jp_p=22Hz. 
3 lp 
66.la 
74.1 
65.5C 
68.4 
62.8 
71,4d 
75.3 
24.8 
b. J P-C not detected. 
c. Jp_p=35Hz. 
d. Jp_p=21Hz. 
186 0 (-CO2-) 
175.0 (-CO2Me) 
173.6 (-CO2Me) 
204.9 (-CO) 
not measured 
not measured 
U(max) 
U(C=O): 1620 
U(C=C): 1620 
U(C=Q): 1710, 1695, 1640 
U(C=C): 1555 
U(C=Q): 1980, 2060 
U(C=S): 1115, 1125 
1140e 
e. Definite assignment of U(C=S) of 91 cannot be made due to impurities. 
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Two singlets appeanng at o 3.5ppm and 3.7ppm in the 1 H n.m.r. 
spectrum of 8 9 are due to the inequivalent methyl ester protons. 
Overlapping resonances in the region o 1.0-3.0ppm are due to the methylene 
protons of the ring and the protons of the dcpe ligand. The i.r. spectrum of 
89 shows three strong U(C=O) bands at 1710cm- 1, 1690cm-1 and 1640cm- 1 and 
two weak U(C=C) bands at 1575cm- 1 and 1555cm- 1. Although a parent ion peak 
could not be detected in the mass spectrum of 8 9, there was a fragment at m I z 
702 due to the loss of CO2 from the parent ion. Selected spectroscopic data of 
89 are summarized in Table 3.4. 
The complex { C(CH2)4CC(CO2Me)=C(CO2Me)} Ni(dcpe) 90 could not 
be formed by displacement of carbon dioxide from 89 (Scheme 3.12). 
Complex 89 is recovered unchanged after being heated at 120°C in vacuo for 
four hours. Refluxing 8 9 for 30 minutes in m -xylene gave a yellow solid 
shown by 31 P { 1 H} n.m.r. spectroscopy to contain Ni(CO)2(dcpe) 88 .3 6 A small 
amount of an unknown species was detected in the 31 P { 1 H} n.m.r. spectrum 
of reaction products. It is characterized by an AB quartet at o 54.5ppm and 
60.3ppm with a Jp 1-P2 value of 47Hz. This species could not be separated from 
other decomposition products. 
0 
Cy2 
o~~J 
~ p 
CO~e 
8 9 
140°C 
m-xylene 
Scheme 3.12: Attempted preparation of { C(CH2)4CC(CO2Me)=C(CO2Me)} Ni-
(dcpe) 90 by thermolysis. 
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The complex (C6 H 8 )Ni(dcpe) 78 reacts with carbon disulfide in 
benzene at room temperature to give {C(CH2)4CC(S)S}Ni(dcpe) 91 (Scheme 
3.13) as the major product, together with several by-products which could 
not be separated from the major product. Complex 91 was identified by its 
3 1 P { 1 H} n.m.r. spectrum, which shows an AB quartet with a 2 J P-P value of 
21Hz (Table 3.4). The i.r. spectrum of 91 shows several bands in the U(C=S) 
region ( 1100-1200cm- 1 ), but owing to the presence of impurities a definite 
assignment could not be made. One of the by-products, (ri 2-CS 2)Ni(dcpe) was 
identified by comparison of its 31 P { 1 H} n.m.r. spectrum with that of an 
authentic sample.3 7 
In contrast with the behaviour of 7 8, the reaction of 
(C6H g)Ni(PPh3)2 56 with carbon disulfide results in rapid displacement of 
the cyclohexyne ligand (Scheme 3.13). The product of this reaction, 
[ (ri 2-CS 2)N i (PPh3) Jn 9 2, was identified in situ by 3 l P { 1 H} n.m.r. spectroscopy 
(Table 3.4).3 8 
s 
78 
n 
92 
Scheme 3.13: Reactivity of cyclohexyne-nickel complexes toward carbon 
disulfide and carbon monoxide. 
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Carbon monoxide reacts rapidly with (C6H g)Ni(dcpe) 78 to give 
Ni(C0)2(dcpe) 88 (Scheme 3.14). The product was isolated as a yellow, air-
stable solid and identified on the basis of spectroscopic data summarized in 
Table 3.4. The composition of 88 has been confirmed by microanalysis. 
co 
78 
Cy2 
p 
oc, / J Ni 
oc"' , p 
Cy2 
88 
Scheme 3.14: Reactivity of (C6H g)Ni(dcpe) 78 towards carbon monoxide. 
The reactions of (C6Hg)Ni(PPh3)2 56 or (C6Hs)Ni(dcpe) 78 with 
equimolar amounts of the linear alkynes 3-hexyne or dimethyl acetylene-
dicarboxylate did not give the desired nickelacyclopentadiene insertion 
products. Instead, an alkyne exchange reaction occurred resulting 1n the 
formation of complexes of the type (RC=CR)NiL2 (Scheme 3.15). 
RC=CR (11 2-RC2R)NiL2 
R = Et, L2 = dcpe 87, 2PPh3 9 5 
11-Nil,i R = C02Me, L2 = dcpe 94, 2PPh3 9 3 
(C2H4)NiL2 
L2 = 2PPh3 96a, 2PEt3 96b, dcpe 96c 
Scheme 3.15: Displacement of cyclohexyne from cyclohexyne-nickel 
complexes by alkenes and alkynes. 
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7 
The reactions of 5 6 with both alkynes were complete within four 
hours at room temperature but overnight heating at 70°C was needed to allow 
the incoming alkyne to fully displace cyclohexyne from 7 8. The fate of 
cyclohexyne presumably liberated In these reactions IS unknown. The 
resulting alkyne-nickel complex (EtC2Et)NiL2 (L2=dcpe 87, 2PPh3 95) and 
(MeO2CC2CO2Me)NiL2 (L2=2PPh3 93, dcpe 94) were not isolated but were 
identified on the basis of their 3 l P ( 1 H} n.m.r. spectra (Table 3.5). 
Ethylene reacted similarly with (C6Hs)Ni(PPh3)2 56 and with 
(C6Hs)Ni(PEt3)2 77a at room temperature and pressure over 24hr to give 
(C2H4)NiL2 (L=PPh3 96a, PEt3 96b), as demonstrated by 3lp( 1H} n.m.r. 
spectroscopy (Table 3.5). The complex (C6Hs)Ni(dcpe) 78 reacted very slowly 
with ethylene at room temperature, but (C2H 4)Ni(dcpe) 9 6 c was formed 
when a benzene solution of 7 8 was kept under an ethylene atmosphere for 
48hr at 80° C (Scheme 3.15). Nickel acyclic complexes of the type 
(C(CH2)4CCH2CH2}NiL2, which could have formed by insertion of ethylene 
into the cyclohexyne-nickel bonds of 5 6, 7 7 a and 7 8, were not observed. 
Table 3.5: 31p( lH} n.m.r. spectroscopic data for the nickel(0) complexes 
(MeO2CC2CO2Me)NiL2, (L=PPh3 93; L2=dcpe 94), (EtC2Et)NiL2 
(L=PPh3 95; L2=dcpe 87), and (C2H4)NiL2 (L=PPh3 96a; L=PEt3 
96b; L2=dcpe 96c). 
Complex op Complex op 
95 38.8 96a 33 .6a 
94 74.8 96b 18.7 
93 39.9 96c 62.7 
87 69.7 
a. C./.6p=31ppm m toluene-d8 at -90°C (Ref. 32). 
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( c ) Methyl iodide and halogens 
The complexes (C6Hg)Pt(PPh3)2 26 and (C6H4)Ni(dcpe) 32 react 
Me 
with methyl iodide to give (C6HgMe-2)Pt(l)(PPh3)23 9 and (C6H4t 2)Ni(dcpe)~ 
respectively (see Section 1.5). The former reaction proceeds via the oxidative 
addition product (C6H g)Pt(Me)(I)(PPh3)2 J whereas a similar complex, 
( C 6 H 4 )Ni(Me)(I)(dcpe), has not been detected in the reaction of 3 2 with 
me thy 1 iodide. 
The complex (C6 H 8 )Ni(dcpe) 7 8 reacted immediately with an 
equimolar amount of methyl iodide in benzene at room temperature to give 
the (2-methylcyclohexenyl)iodonickel(II) complex (C6H 8 Me-2) Ni (I) ( de p e) 
9 7 1n 64% yield (Scheme 3 .16). Complex 9 7 was isolated as an orange, air-
stable powder, soluble in benzene and THF, but unstable 1n chlorinated 
solvents even under an inert atmosphere. As the formation of 9 7 was 
instantaneous, it could not be determined whether an oxidative addition 
product (C6H g)Ni(Me)(I)(dcpe) was first formed on addition of methyl iodide 
to 78. 
The 31 P { 1 H} n.m.r. spectrum of 97 consists of an AB quartet (op 
57. 7ppm, 60.4ppm, 2 J p _ p=9Hz). A small singlet at o 95 .2ppm in the same 
spectrum is attributed to the by-product Nil2(dcpe) 7. A singlet at o 2.4ppm in 
the 1 H n.m.r. spectrum of 9 7 is attributed to methyl protons of the 
2-methylcyclohexenyl ligand. There is also a series of broad, overlapping 
multiplets in the region o 1.0-3 .Oppm due to methylene protons of the 
2-methylcyclohexenyl ligands and protons of the dcpe ligand. Selected 
spectroscopic data of 97 are collected in Table 3.6. 
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L::tp1/ / 
Me 
Me 
1
PEt3 
Ni 
/ ' Et3P I 
9 8 
+ 
Me PEt3 
' I Ni 
/ ' Et3P I 
+ 
I PEt3 
' / Ni 
/ ' Et3P I 
Scheme 3.16: Reactivity of cyclohexyne-nickel complexes towards methyl 
iodide. 
The cyclohexyne-nickel complex (C6H g)N i(PEt3)2 77a also reacted 
with methyl iodide (Scheme 3.16) to give an oil whose 3lp{ 1 H} n.m.r. 
spectrum showed three singlets, op 9.4ppm, 10.8ppm and 12.4ppm in the ratio 
ca. 1: 10:6. The signals at o 9.4ppm and 12.4ppm are due to the by-products 
Ni(PEt3)2l2 and trans-(Me)Ni(l)(PEt3)2 , respectively, as shown by 
comparison of their op values with those of authentic samples.4 0 The signal 
at o 10.8ppm is attributed to the (2-methylcyclohexenyl)nickel(II) complex 
trans-(C6HgMe-2)Nil(PEt3)2 98. The 1H n.m.r. spectrum shows a singlet at 
o 2.4ppm which is due to the methyl protons of the 2-methylcyclohexenyl 
ligand in 98. The resonances due to the methyl and methylene protons of the 
PE t 3 ligands of 9 8 could not be clearly identified due to the presence of the 
by-products. Efforts to purify 9 8 by fractional crystallization at low 
temperatures failed. 
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Table 3.6: 31 P { 1 H} n.m.r. and 1 H n.m.r. spectroscopic data for the 
complexes (C6HsMe-2)NiL2 (L2=dcpe 97; L=PEt3 98) and 
NiX2(dcpe) (X=Br 99; I 100). 
31 P chemical shifts Op, measured in C6D 6 unless otherwise stated, are in 
ppm to high frequency of 85% H3PO 4 (positive). Coupling constants, J, are in Hz. 
1 H chemical shifts OH measured in C6D 6 unless otherwise stated. 
Complex op 0CH3 Complex op 
97 2.4 99 86.9 
98 10.8 2.4 100 95.5 
a. Jp_p=9Hz. 
The reaction of (C6H g)Ni(dcpe) 78 with either bromine or iodine 
resulted in total displacement of the cyclohexyne ligand and the formation 
of NiBr2(dcpe) 99 11 and Nil2(dcpe) 100,7 (Scheme 3.17), respectively, as the 
only phosphorus-containing products, identified by 3 1 P { 1 H} n.m .r. 
spectroscopy (Table 3.6). Presumably the cyclohexyne ligand is removed as 
1,2-dibromocyclohexene and 1,2-diiodocyclohexene respectively, although 
this was not established. The desired products of these reactions, 
(C6HsX-2)NiX(dcpe) (X=Br 79b, I 101) could not be detected by 3lp{ 1H} n.m.r. 
spectroscopy. It may be that these complexes are formed first but that the 
excess of halogen in solution rapidly cleaves their nickel-carbon cr - bonds , 
leading to the formation of ( dihalo )nickel(II) species. 
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... 
Cy2 X PJ ' I Ni 
/ ' X p 
Cy2 
X=Br 99, X=I 100 
Scheme 3.17: Addition of halogens to (C6Hs)Ni(dcpe) 78. 
( d) Weak protonic acids 
Both 5 6 and 7 8 are inert to, and insoluble in, water for several 
hours. Treatment of THF solutions of both complexes with water precipitated 
unchanged starting complex. Analysis of the filtrates of these reactions by 
3 1 P { 1 H} n.m.r. spectroscopy also showed only the presence of starting 
material. However, solutions of both 5 6 and 7 8 in THF containing small 
amounts of water decompose if left for longer than 12hr, several 
uncharacterized decomposition products being formed. 
The complexes 5 6 and 7 8 decomposed 1n methanol at room 
temperature to give several products, none of which appeared to be the 
desired Tl Lcyclohexenyl-nickel(II) complexes (C6H9)Ni(OMe)L2. Complex 5 6 
is also decomposed by equimolar amounts of p-cresol and acetic acid to give 
uncharacterized products. 
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3.2.S Attempts to trap cyclohexyne displaced from cyclohexyne-
nickel complexes 
The cyclohexyne-nickel(O) complex (C6H g)Ni(PPh3)2 56 reacts 
with carbon dioxide over four hours at room temperature giving Ni(PPh3)3 
(Sect. 3.2.4b). It should be possible to trap any cyclohexyne set free in this 
reaction by means of a Diels-Alder reaction with either tetraphenyl-
cyclopentadienone (TPCP) or 2,5-diphenyl-3,4-isobenzofuran (DPIBF). The 
reaction of 5 6 with carbon dioxide appeared to be ideal for this purpose as 
the slow formation of cyclohexyne in the presence of an excess of the 
1,3-diene should minimize oligomerization before the cyclohexyne can be 
trapped. A further advantage of this reaction is that carbon dioxide is not 
expected to react with the 1,3-dienes. 
The 1,3-dienes, TPCP and DPIBF, were first used by Wittig and 
coworkers 1n the early 1960's to trap cyclohexyne and other unstable 
c y c 1 o a 1 k y n es. 41 In reactions of this type, the unstable cycloalkynes were 
generated either by reducing 1,2-dibromocycloalkenes with magnesium or 
by mercuric oxide oxidation of cycloalkane-bis(hydrazones) (Eq. 3.3). The 
cycloalkyne Diels-Alder adducts were isolated by chromatography as 
colourless solids, often in low yields. Table 3. 7 summarizes the methods of 
preparation of cycloalkynes together with yields of the respective DPIBF 
adducts. Wittig and coworkers also prepared trimers and tetramers of 
cyclohexyne, among other oligomers, by generating cyclohexyne 1n the 
absence of 1,3-diene trapping agents.4 2 
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Ph 
DPIBF 
... 
Ph 
Equation 3.3 
Table 3.7: Trapping of cycloalkynes by means of 2,5-diphenyl-3,4-iso-
benzofuran (DPIBF). 
Cycloalkyne Method of generationa % Yield of DPIBF adductCref) 
cycloheptyne 1 
cycloheptyne 2 
cyclohexyne 1 
cyclohexyne 2 
cyclopentyne 1 
cyclopentyne 2 
a. 1. Addition of Mg to 1,2-dihalogenocycloalkenes. 
2. Oxidation of cycloalkane-bis(hydrazones). 
64%b 
26%C 
51%b 
7%C 
2.t%b 
Q.5%C 
b. Wittig, G., and Pohlke, R., Chem. Ber., 94 (1961) 3276. 
c. Wittig, G., and Krebs, A., Chem. Ber., 94 (1961) 3260. 
Reaction of (C6H g)Ni(PPh3)2 56 with carbon dioxide in the 
presence of tetraphenylcyclopentadienone (TPCP) (3 mol. equiv.) and 
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subsequent chromatography on neutral alumina (activity III), using 3 : 1 
hexane/fHF as eluent, separated a red band from a more slowly moving 
colourless band. The bands were identified spectroscopically as unchanged 
TPCP and triphenylphosphine, respectively. The latter presumably arises by 
decomposition of Ni(PPh3)3 formed in the initial reaction of 5 6 with carbon 
dioxide. There was no evidence from 1 H n.m.r. or mass spectroscopy to 
suggest the presence of the cyclohexyne-TPCP Diels-Alder adduct. 
Ph 
Ph 
Ph 
Ph 
Scheme 3.18: Attempts to trap cyclohexyne displaced from 
(C6Hs)Ni(PPh3)2 56 by 1,3-dienes. 
Ph 
+ co 
Ph 
A similar reaction of (C6Hs)Ni(PPh3)2 56 with carbon dioxide in 
the presence of 2,5-diphenyl-3,4-isobenzofuran (DPIBF) (3 mol. equiv.) also 
did not give the desired Diels-Alder adduct of cyclohexyne. Chromatography, 
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on neutral alumina (activity Ill) with 3: I hexane{fHF, of the brown oil 
obtained from this reaction gave only unchanged DPIBF an d 
tri pheny 1 phosphine. 
Chromatography of solutions of 5 6 which had been treated with 
carbon dioxide in the absence of 1,3-diene trapping reagents, or had been 
allowed to stand for three weeks to give Ni(PPh3)3 (Section 3.2.4b), gave only 
triphenylphosphine and no oligomers of cyclohexyne could be detected. 
Therefore, the fate of cyclohexyne in these reactions is unknown. 
3.2.6 Attempted synthesis of cyclopentyne-nickel complexes 
The reaction of bis( 1,5-cyclooctadiene)nickel and two molar 
equivalents of either triphenylphosphine, PPh3, or tricyclohexyl-
phosphine, PCy3, with 1,2-dibromocyclopentene gave the oxidative addition 
products trans-(CsH6Br-2)NiBrL2 (L = PPh3 81, PCy3 82) in ca. 50% yields. 
The reaction of (C2H4)NiL2 (L = PPh3, PCy3) with 1,2-dibromocyclopentene 
gave the same products in comparable yields (Scheme 3.19). Both 81 anQ 8 2 
were isolated as yellow, air-stable solids, which were soluble in benzene and 
THF. They can be readily recrystallized, even in air, from acetone/water, but 
decompose within 48hr in chlorinated solvents. A notable difference 1n the 
behaviour of 1,2-dibromocyclopentene and 1,2-dibromocyclohexene toward 
Ni (COD) 2 and PR3 is that 1,2-dibromocyclopentene will readily undergo 
oxidative addition reactions to form 2-bromocyclopentenylnickel ( II ) 
complexes, whereas addition of 1,2-dibromocyclohexene to solutions of 
Ni(COD)2 and PR3 gives Ni(PR3)3. This difference in reactivity , however, 
appears to be confined to nickel(0) complexes. Both 1,2-dibromo-
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cyclopentene and 1,2-dibromocyclohexene react at room temperature with 
(C2H4)Pt(PPh3)2 to give 2-bromocycloalkenyl-platinum(II) complexes.2 3 
Ni(COD)i + 
Scheme 3.19: Preparation of trans-(C5H6Br-2)NiBr(PR3)2 (R=Ph 81, Cy 82). 
The 31 P { 1 H} n.m.r. spectra of 81 and 8 2 each show a singlet, 
indicating that the phosphine ligands of the complexes adopt a trans -
orientation around the nickel atom. Two broad resonances, at cS 1.6ppm and 8 
2.8ppm, in the 1 H n.m.r. spectrum of 81 are due to the methylene protons of 
the 2-bromocyclopentenyl ligand, and there are resonances due to aromatic 
protons at cS 6.8-7.2ppm. The 1 H n.m.r. spectrum of 8 2 shows several 
multiplets in the region cS 1.5-2.5ppm, due to overlapping resonances of the 
cyclohexyl protons and methylene protons of the 2-bromocyclopentenyl 
ligand. 
The reduction of 81 and 8 2 by 1 % sodium amalgam failed to give 
the desired cyclopentyne-nickel complexes (C5 H 6)N iL2 (L = PPh3, PCy3). In 
each reaction, a brown solid was obtained and this was identified by 3 1 P { 1 H } 
n.m.r. spectroscopy as Ni(PPh3)3 and Ni(PCy3)3) respectively. Attempts to 
synthesize cyclopentyne-nickel complexes by 1 % sodium amalgam reduction 
of 1,2-dibromocyclopentene in the presence of (C2H4)NiL2 (L=PPh3, PCy3) 
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gave oils containing NiL3 (Scheme 3 .20). Although several unknown by-
products were also formed, as shown by 3 l P { 1 H} n.m.r spectroscopy, the 1.r. 
spectra of the oils did not show any bands in the region 1500- l 700cm- 1, 
where a U(C=C) band due to cyclopentyne coordinated to a metal might be 
expected. 28 Thus, if cyclopentyne-nickel complexes were formed, they must 
have decomposed rapidly under the reaction conditions. This would not be 
unreasonable, 1n view of the ease with which (C6 H 8) Ni (PP h 3) 2 5 6 
decomposes to give Ni(PPh3 )3. 
1% Na/Hg -0 I ... 
(a) Reduction of 2-bromocyclopentenyl-nickel(II) complexes. 
1% Na/Hg T .., 
( b) Reduction of 1,2-dibromocyclopentene 1n the presence of nickel(0) 
complexes, R=Ph, Cy. 
Scheme 3.20: Attempted preparation of cyclopentyne-nickel complexes. 
The stability of the cyclohexyne-nickel complex (C6Hs)Ni(dcpe) 
7 8 relative to cyclohexyne-nickel complexes containing monodetate tertiary 
phosphine ligands suggests it should be possible to stabilize the 
cyclopentyne-nickel moiety as its dcpe complex. The reduction, by 1 % 
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sodium amalgam, of 1,2-dibromocyclopentene in the presence of (C2H 4) Ni-
(dcpe) gives a yellow, moderately air-sensitive solid which is sparingly 
soluble 1n ether and toluene, mildly soluble in THF and readily soluble m 
chlorinated solvents (Scheme 3.21). The compound has not been obtained m 
a state of analytical purity, but 1s tentatively formulated as the bimetallic 
complex (µ-C5H6)Ni2(dcpe)2 83 on the basis of spectroscopic data. Efforts to 
grow crystals suitable for X-ray analysis have so far been unsuccessful. 
Br 
~2 a 
II / J Br -Ni .., 
, 1% Na/Hg p 
Cy2 
84 83 
Scheme 3.21: The preparation of (µ-C5H6)Ni2(dcpe)2 83. 
The 3 l P { 1 H} n.m.r. spectrum of 83 shows an AB quartet ansmg 
from inequivalent phosphorus atoms (op=60.8, 70.1, 2 J P-P= 17Hz). There are 
also singlets at o 62. 7ppm and o 88. 8ppm which are due to small amounts 
(<10%) of (C2H4)Ni(dcpe) and NiBr2(dcpe), respectively. The 13 c { 1 H} n.m.r. 
spectrum of 83 shows several resonances 1n the region o 20-40ppm which 
are due to methylene carbon atoms of the dcpe ligand and the µ - c y c 1 o -
pentyne ligand. A singlet resonance at o 122ppm is believed to be due to the 
olefinic carbon atoms of the µ-cyclopentyne ligand, although it 1s 
surprising that no P-C coupling is observed. A medium-strong band at 
1570cm-1 in the i.r. spectrum of 83 is assigned to the C=C stretching 
frequency. 
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The cyclopentyne ligand in 8 3 could 1n principle be parallel to 
the metal-metal bond (A) or perpendicular to the metal-metal bond (B) 
(Fig. 3.3).43,44 Both coordination modes are known for group 10 bimetallic 
complexes: the complex (µ-C5H6)(µ-PPh2)Pt2(Ph)(PPh3)3 85 adopts 
orientation A,26 whereas (µ-PhC=CPh)Ni2(COD)2 adopts orientation B45. Of 
the known structurally characterized bimetallic µ-cycloalkyne complexes, 
orientation A whilst the cyclopentyne ligand of 8 S, as mentioned above, 
adopts orientation B. The inequivalence of the phosphorus atoms 1n 
(µ-C5H6)Ni2(dcpe)2 83 is consistent only with a parallel orientation of the 
µ- C 5 H 6 group; a perpendicular orientation would render the phosphorus 
atoms equivalent, assuming rapid interconversion of the cyclop·entene 
conformations. 
R R 
' / C--C 
I \ 
M M 
A 
R 
' 
C 
'&' I.\ 
,' c~', 
I ' 
. . \ 
M R M 
B 
Figure 3.3: Modes of orientation of the alkyne ligand 1n alkyne-bimetallic 
complexes. 
It is possible that 8 3 results from the decomposition of the 
cyclopentyne-nickel complex (C5 H 6)Ni(dcpe) 8 4, even though this species 
could not be detected by spectroscopic methods. The µ-cyclopentyne complex 
(PPh3)(Ph)Pt(µ-PPh2)(µ-C5H6)Pt(PPh3)2 85 1s known to form by 
decomposition of (C5H6)Pt(PPh3)2 27 in either THF or methanoI. 26 Similarly, 
the µ-cyclohexyne-diplatinum complex (µ-C6Hs)Pt2(C0)2(PPh3)2 is formed 
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from the reaction of (C6H g)Pt(PPh3)2 26 with carbon monoxide at room 
temperature and pressure.5 It has been proposed4 3 that µ-alkyne-dinickel 
complexes such as (µ-CF3C2CF3)Ni2(COD)2 form by initial attack of an 
electron-rich metal on the alkyne to give a dipolar intermediate similar to 
that postulated in alkyne trimerization (see Sect 2.4). This then reacts 
further with [ML2] to give the bimetallic species (Scheme 3.22). A similar 
mechanism is also likely for the formation of 8 3, especially as the presence 
of the electron-donating dcpe ligand can be expected to enhance the 
nucleophilicity of the nickel atom. 
R R 
11-MLi AvR LiM. . ... 
R 
R 
Scheme 3.22: Proposed mechanism for the formation of alkyne-bridged 
dinuclear complexes of group 10 metals. 
3.3 DISCUSSION 
The reaction of ethylene-nickel(0) complexes and 1,2-dibromo-
cyclohexene with 1 % sodium amalgam provides a convenient route to new 
cyclohexyne-nickel complexes. The first step of these reactions probably 
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involves the oxidative addition of 1,2-dibromocyclohexene to an ethy lene-
nickel complex to give 2-bromocyclohexenylnickel(II) complexes of the 
type (C6HsBr-2)NiBrL2, which cannot be isolated directly, but are presumed 
to be reduced by 1 % sodium amalgam to give the cyclohexyne-nickel (0) 
complexes. In contrast, the corresponding 2-bromocyclopentenylnickel(II) 
complexes (C5H6Br-2)NiBrL2 can be obtained by oxidative addition of 
1,2-dibromocyclopentene to nickel(0) species but these complexes do not 
give cyclopentyne-nickel complexes when reduced by 1 % sodium amalgam. 
The oxidative addition of 1,2-dibromocycloalkenes to nickel(0) 
complexes can be compared with the oxidative addition of either vinyl 
halides or alkyl halides to complexes of zerovalent group 10 metals.4 8 It is 
believed that oxidative addition of vinyl halides to these metal complexes is 
preceded by coordination of the alkene to the metal centre. The resulting 
1t-complexes undergo intramolecular rearrangement to give the oxidative 
addition products.49,50 The isomerization from the 1t-complex (11 2-CsH6Br2)-
Pt(PPh3)2 30a to cis-(CsH6Br-2)PtBr(PPh3)2 30b is sufficiently slow at room 
temperature that the 1t -complex can be easily isolated. 2 6 However, the 
analogous nickel 1t-complex (11 2-CsH6Br2)Ni(PPh3)2 80 could not be detected 
1n the reaction of 1,2-dibromocyclopentene with (C2 H 4) Ni ( PP h 3) 2; it 
presumably isomerizes rapidly to the observed product trans-(CsH6Br-2)Ni-
Br(PPh3)2 81. 
The mechanisms of oxidative addition of alkyl halides, RX, to 
zerovalent platinum and palladium complexes have been studied by Kramer 
and Osborn,5 1 and companson of these mechanisms to similar additions to 
nickel(0) complexes have been made.52 The possible mechanisms of these 
reactions are summarized 1n Scheme 3.23. Pathway A represents the direct 
addition of alkyl halides to group 10 metals. A second mechanism involves 
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the formation of a radical pair, X-M1 ... R (pathway B), which can collapse to 
the product X-MILR (pathway C). Alternatively, the radical pair can separate 
and the species MLX can react further with R-X to give X-MILx (pathway D). 
Pathway A 
Mo + R-X 
Pathway B 
X I • -M ... R 
Pathway D R-X 
Scheme 3.23: Proposed mechanism for the oxidative addition of organic 
halides to zerovalent group 10 metal complexes. 
The reaction of (C6H g)Ni(dcpe) 78 with 1,2-dibromocyclohexene to 
give (C6HsBr-2)NiBr(dcpe) 79a may proceed by either pathway A or 
pathway B~ C. The presence of NiBr2(dcpe) as a minor product favours 
pathway B~ C. This is because the radical pair formed (pathway B) is 
susceptible to attack by excess 1,2-dibromocyclohexene (pathway D) to g1 ve 
NiBr2(dcpe). The likely pathway in the reaction of (C2H4)Ni(dcpe) with 
1,2-dibromohexene to give NiBr2(dcpe) as the main product is B~ D. However, 
a small amount of 79a is detected in this reaction, indicating that pathway C 
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1s possible. It 1s unclear why the ethylene- and cyclohexyne-nickel(O) 
complexes behave differently on reaction with 1,2-dibromocyclohexene, 
even though the reactions were carried out under similar conditions. 
There 1s evidence from the literature that reactions of organic 
halides with nickel complexes are sensitive to temperature and to the nature 
of the halide.5 2 Thus, at -20° C (Ph3 P) 2N i C 1 (CH 2Ph) is the only product 
isolated from the reaction of (C2H4)Ni(PPh3)2 and benzyl chloride. However, 
if this reaction takes place above 0°C, a mixture of (Ph3P)NiCl(CH2Ph) and 
(Ph3P)2NiCl2 is formed.53 In contrast, both (Ph3P)2NiBr(CH2Ph) and 
(Ph 3 P) 2 Ni Br 2 form from the oxidative addition of benzyl bromide to 
(C2H4)Ni(PPh3)2 at -20°c.51 
Cyclohexyne-nickel(O) complexes are much less stable than the 
corresponding platinum(O) complexes. In view of the idea that complexes of 
cycloalkynes are generally more stable than those of acyclic analogues (i.e. 
cyclooctyne complexes of group 11 metals are easily isolated whereas 
analgous 4-octyne complexes are unstable)5 4 the instability of the 
cyclohexyne-nickel complexes 1s very surpns1ng. The bulky bidentate 
ligand dcpe stabilizes the cyclohexyne-nickel(O) system better than two 
triphenylphosphine ligands. A contributing factor may be the electron-
donating ability of the chelating dcpe ligand, which enhances 1t - back 
bonding to the cyclohexyne fragment. However, bis(triphenylphosphine)-
nickel(O) complexes of strained cycloalkenes e.g. (11 2 - tetra methyl -
cyc lopropene )N i(PPh3)2 can be easily prepared and in some cases are stable 
to alkene displacement.5 5 
The stoichiometric coupling of unsaturated ligands with 
coordinated cyclohexyne occurs much less readily for nickel complexes than 
for platinum complexes. There are many reactions in which a ligand, L', 
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induces rapid decomposition of (C6 Hg) Ni L 2 to NiL3 (L = PPh3 , PEt3) or 
apparently displaces cyclohexyne to give NiL2L' (L2 = 2PPh3, 2PEt3, dcpe). 
There is no evidence that cyclohexyne is produced in these reactions , as 
attempted trapping experiments have shown. Coupling of cyclohexyne and 
either carbon dioxide or carbon disulfide is observed when the cyclohexyne-
nickel fragment is stabilized by dcpe, but in the latter reaction some 
apparent displacement of cyclohexyne occurs as well. The 1: 1 coupling of 
carbon dioxide and cyclohexyne is similar to that observed 1n cyclohexyne-
platinum complexes of the type (C6Hg)Pt(L2) (L2 = dmpe, depe, dcpe) (see 
Sect. 2.2.2) and 1: 1 coupling of carbon dioxide and linear alkenes and alkynes 
has also been accomplished on complexes of zerovalent tungsten,5 6 
molybdenum,56 iron,57 and nickeI.58 Carbon disulfide and carbonyl sulfide 
also insert into the metal-alkyne bonds of either CpCo(PPh3)(RC=CR) (R=Ph, 
C02Me) or CpRh(PPh3)(Me02CC2C02Me) to form five-membered metallacyclic 
complexes.5 9 
The insertion of carbon dioxide and carbon disulfide into the 
cyclohexyne-nickel bond of (C6H g)Ni(dcpe) 78 can be assumed to occur by a 
similar mechanism to that discussed 1n Chapter 2 for the corresponding 
platinum complexes. The presence of an electron-donating dcpe ligand on 
7 8 enhances the nucleophilicity of the metal centre, thus stabilizing a 
cyclohexyne-nickel 1,3-dipolar transition state.33,60 The lower 
electronegativity of nickel relative to platinum may also ass ist in this 
process. An illustration of the proposed mechanism for the insertion of 
carbon dioxide into the cyclohexyne-nickel bond of 7 8 is shown in Scheme 
3.24. 
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1-Nil,i 
0 
0 
o-
L2 = dcpe, 86 L = PPh3 
0 
OH + 
Scheme 3.24: Proposed mechanism for the reactions of cyclohexyne-
nickel complexes with carbon dioxide. 
As cyclohexyne is not displaced as a free ligand from the reaction 
of (C6 H 8) N iL 2 with unsaturated molecules the only reasonable explanation 
for the apparent displacement of cyclohexyne in these reactions appears to 
be that the entering unsaturated molecule couples with coordinated 
cyclohexyne 1n a manner similar to that proposed for the observed 
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stoichiometric coupling of (C6 H 8 )Ni( dcpe) 78 with CO2. The process 1s 
illustrated for the reaction of (C6Hs)Ni(PPh3)2 56 with CO2 in Scheme 3.24. It 
must be assumed that the zwitter-ion generated picks up protons e.g. from 
traces of water before ring closure can take place. This would lead to the 
formation of 1-cyclohexene-1-carboxylic acid from the carbon dioxide-
cyclohexyne-nickel zwitter-ion, as shown 1n Scheme 3.24. Alternatively, 
ring closure might occur and the nickel-carbon cr -bonds in the resulting 
nickelacycle could be cleaved by traces of water to give the same carboxylic 
acid. Such a reaction has been utilized to synthesize organic products from 
seven-membered nickelacycles (Eq. 3 .4 ).33 No attempts were made to 
characterize the organic products obtained 1n such reactions, so the 
explanation remains speculative. 
MeO2C Me CO2Me 
Me Me CO2Me 
Ni(TMEDA) .. 
I 
Me 0 0 0 CO2Me 
0 TMEDA = Me2NCH2CH2NMe2 
Equation 3.4 
Nickel acyclic complexes containing two nickel-carbon cr- bonds 
have been proposed as intermediates in many organic syntheses catalysed 
by nickel(0) complexes.6 1 Nickelacyclopentadienes are difficult to isolate,6 2 -
65 and in general, they are less stable than their platinum analogues. 5 2 In 
contrast to (C6H 8 )Ni(dcpe) 7 8, (C6 H 4)Ni(dcpe) 3 2 undergoes insertion of 
ethylene and of dimethyl acetylenedicarboxylate into the benzyne-nickel 
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bond (see Chapter 1, p. 35). 7 The stability of the resulting nickelacycles may 
be due to the presence of the electron-withdrawing o-pheny lene nng. 
3.4 EXPERIMENT AL 
3.4.1 General conditions 
All reactions were carried out under inert atmospheres using 
dry, freshly distilled solvents and standard Schlenk techniques. 
The nickel(0) starting materials Ni(COD)2,66 (C2H4)Ni(PEt3)2,6 7 
(C2H4)Ni(PCy3)2,68 (C2H4)Ni(PPh3)2,68 (C2H4)Ni(dcpe), 7 and (C2H4)Ni-
( d ppe) 11 were synthesized by literature methods. Triethylphosphine, PEt3, 
tricyclohexylphosphine, PCy3, triphenylphosphine, PPh3 and 1,2-
bis(diphenylphosphino)ethane, dppe were obtained from Strem Chemical 
Co. Pty. Ltd. The phosphine ligands trimethylphosphine, PMe3, 6 9 1,2-
bis ( dimethy lphosphino )ethane, dmpe,7 0 1,2-bis( diethyl p hosph i no )ethane, 
depe, 7 0 and 1,2-bis( dicyclohexylphosphino)ethane, dcpe, 7 0 were prepared 
by literature methods. Both 1,2-dibromocyclohexene and 1,2-dibromo-
cyclopentene were prepared as described in Refs. 71 and 73; the procedure 
for the latter was modified and full details are given on page 164. Carbon 
dioxide, carbon monoxide, carbon disulfide, dimethyl acetylene-
dicarboxylate, ethylene, 3-hexyne, bromine, iodine, 2,5-diphenyl-3,4-
isobenzofuran (DPIBF), 2,3 ,4,5-tetraphenylcyclopentadienone (TPCP) and 
p -cresol were obtained from commercial suppliers. Further experimental 
procedures are described in Section 2.4.1. 
Table 3.8 lists the op values for phosphine-nickel(0) complexes. 
These op values were used to characterize the nickel-phosphine complexes 
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which were often formed 1n attempts to synthesize cycloalkyne-nickel 
species starting from Ni(COD)2. 
Table 3.8: 31 P { 1 H} n.m.r. spectroscopic data for complexes of the type 
Ni(PR3)n, n = 3, 4 and Ni(P-P)2. 
31 P chemical shifts op measured in C6D 6 unless otherwise stated are m ppm 
to high frequency (positive) relative to 85% H3PO 4 • 
Complex 
Ni(PMe3)4 
Ni(PEt3)3 
Ni(PCy3)3 
Ni(PPh3)3 
op(ref) Complex 
Ni(dmpe)2 
Ni(depe)2 
Ni(dcpe)2 
Ni(dppe)2 
a. Tolman, C.A., J. Am. Chem. Soc., 2.2. (1970) 2956. 
op(ref) 
18.1 a 
44_7b 
43 .2d 
43_9g 
b. Sample prepared in situ by addition of 2 mol. equiv. of depe to Ni(COD)i. 
c~ A sample of Ni(PCy3)J was prepared by the literaure method. 10 
d. Bilch, H.M., PhD Thesis, University of Kaiserslautern, 1982, pp. 209-210. 
e. Tolman, C.A., Seidel, W.C., and Gerlach, D.H., J. Am. Chem. Soc. , .2.± (1972) 2669. 
Lit value measured in toluene-d8 at -50°C. 
f. Mynott, R., Mollbach, A., and Wilke, G., J. Organomet. Chem., 1.2..2. (1980) 107. 
g. Milczarek, R., personal communication. 
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3.4.2 Preparation of cyclohexyne-nickel(0) complexes 
A solution of (C2H4)Ni(PPh3)2 (1.72g, 2.82mmol) and 1 2-, 
dibromocyclohexene (2.15g, 8.96mmol) in THF (30cm3) was added to 1 % 
sodium amalgam, freshly prepared from sodium (0.59g) and mercury (58.5g), 
and the mixture was stirred for 15hr. The resulting yellow-brown solution 
was separated from excess amalgam by centrifugation and evaporated to 
dryness in vacuo to give a brown oil which crystallized on addition of ether. 
The yellow solid was isolated by filtration, washed with n-hexane (10cm 3) 
and dried in vacuo to give 56 (1.06g, 56%); 1H n.m.r. (CD2Cl2) o 1.71, 2.65 
(each br s, CH2), 6.9-7.6 (m, C6H5); I 3c { 1 H} n.m.r. (CD2Cl2) o 27.3, 27.5 (each s, 
CH2), 128.8, 131.6, 134.1, (each s, CH), 132.5 (t, CHP, 1Jp_c=l0Hz), 138.1 (5-line 
m, C=C, separation between outer lines = 65Hz); 3lp{ 1H} n.m.r. (CD2Cl2) o 43.1 
(s); I.R. (KBr) 1735cm-1 (s) U(C=C) (see Fig. 3.1). 
Anal. Calcd for C42H3gP2Ni: C, 76.0; H, 5.8 % 
found: C, 74.2; H, 6.1 % 
Values obtained for sample from Dr. R. Cozens 
found: C, 76.5; H, 6.0; Ni, 8.5 (Cale. 8.9) % 
f.C.6H.s)Ni<PEt3l2.1.h 
To 1 % sodium amalgam, freshly prepared from sodium (0.25g) and 
mercury (24.7g), was added a solution of (C2H4)Ni(PEt3)2 (0.34g, 1.04 mmol ) 
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and 1,2-dibromocyclohexene (0.62g, 2.60 mmol) 1n THF (20cm3 ). After 
stirring for 20hr the yellow solution was separated from excess amalgam by 
centrifugation and evaporated to dryness in vacuo to leave 77a (0.25 g, 64 %) 
as a yellow oil. This oil could not be crystallized from n-pentane at -78° C; 1 H 
n.m.r. (C6D6) o 1.0 (t, CH3), 1.2-2.2 (m, CH2, CH3); 13c { 1 H} n.m.r. (C6D6) o 9.0 (s, 
CH3), 20.7 (t, CH2P 1Jp_c=23Hz), 27.6, 28.5 (each m, CH2), 139.7 (5-line m, C=C, 
separation between outer lines = 72Hz); 3 l P { 1 H} n.m.r. (C6D 6) o 30.4 (s); I.R. 
(neat oil) 1715cm- 1 (s) U(C=C) · 
ID,fu)Ni{PCy3l2 77b 
A solution of (C2H4)Ni(PCy3)2 (4.09g, 6.35mmol) and 1,2-dibromo-
cyclohexene (3.0lg, 12.5mmol) in THF (30cm3) was added to 1 % sodium 
amalgam freshly prepared from sodium (1.45g) and mercury (144g) and the 
mixture was stirred for 24hr. The resulting yellow-brown solution was 
separated from excess amalgam by centrifugation and evaporated to dryness 
tn vacuo to give a brown oil which crystallized on addition of ether. The 
brown solid obtained was identified spectroscopically as a mixture of 
(C2H4)Ni(PCy3)2, Ni(PCy3)3, PCy3 (op=9.0ppm) 9 and (C6Hg)Ni(PCy3)2 77b; 
13c { 1 H} n.m.r. (C6D 6) o 21.4-35.0 (m, CH2, CH, CHP), 139. 7 (5-line m, C=C, 
separation between outer lines = 80Hz); 31 P { 1 H} n.m.r. (C6D 6) o 49.1 (s); LR. 
(neat oil) 1720cm- 1 (m) U(C=C). 
ID5fu)Ni{dcpe) 7 8 
To 1 % sodium amalgam, freshly prepared from sodium (2 .3g) and 
mercury (228g), was added a solution of (C2H4)Ni(dcpe) (4.86g, 9.55mmol) 
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and 1,2-dibromocyclohexene (5 .04g, 20. 8 mmol) 1n THF (70cm3 ). Afte r 
stirring for 15hr the yellow solution was separated from excess amalgam by 
centrifugation and evaporated to dryness in vacuo to leave a yellow o il 
which crystallized from ether at -30° C. The solid was recrystallized from 
ether at -30°C to give (C6Hs)Ni(dcpe) (3.25g, 61%) as a yellow crystalline 
solid, mp 140-145°C dee; 1 H n.m.r. (CD2Cl2) o 1.4-2.7 (m, CH, CH2); 13c { 1 H} 
n.m .r. (CD2Cl2) o 22.8 (t, CH2P, 1Jp_c=40Hz), 26.7, 28.1, 29.5 (each s, CH2), 30.6 
(t, CH2 2Jp_c=16Hz), 35.5 (t, CHP 1Jp_c=21Hz), 139.7 (5-line m, C=C, separation 
between outer lines = 97Hz); 31 P { 1 H} n.m.r. (CD2Cl 2) o 79.1 (s); I.R. (KBr) 
1710cm- 1 (s) U(C=C); mass spectrum, m/z 560 (parent ion). 
Anal. Calcd for C32H56P2N i: C, 68.5; H, 10.1; P, 11.0 % 
found: C, 68.1; H, 10.5; P, 11.0 % 
(b) From Ni(COD)2 
~H..s}Ni<PPh3l2 ~ 
A solution of Ni(COD)2 (1.76g, 6.41mmol), triphenylphosphine 
(3.35g, 12.8mmol) and 1,2-dibromocyclohexene (6.30g, 26.6mmol) in THF 
(80cm3) was added to 1% sodium amalgam, freshly prepared from 2.3g 
sodium and 225g mercury, and the mixture was stirred for 16hr. The 
resulting deep brown solution was separated from excess amalgam by 
centrifugation and evaporated to dryness in vacuo to leave a brown oil. 
Addition of n-hexane gave a yellow-brown, air-sensitive solid identified 
from its i.r. and 31p( lH} n.m.r. spectra as a mixture of (C6Hs)Ni(PPh3)2 56; 
[3 1P{ 1H} n.m.r. (C6D6) o 43.1 (s); LR. (KBr) 1735cm- 1 (s) U(C =C) L and 
Ni(PPh3)3; 31 P { 1 H} n.m.r. (C6D6) o 24.3 (s). 
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(C6Hs)Ni(PEt3)2 77a was made similarly from Ni(COD)2, PEt3 and 
1,2-dibromocyclohexene; 3 l P { 1 H} n.m.r. (C6D 6) o 30.4 (s); 1.R. (neat oil) 
1715cm-l (s) U(C=C)· Efforts to prepare (C6Hs)Ni(PR3)2 (R = Me, Cy) and 
( C 6 H 8 )Ni(P-P) (P-P = dmpe, depe, dcpe, dppe) by a similar method were 
unsuccessful. 
(c) From (C6H sBr-2)NiBr(dcpe) 79a 
0} Synthesis of CC6H.8Br-2}NiBrCdcpe} 79a 
A solution of (C6H g)Ni(dcpe) 78 (1.00g, 1.78 mmol) and 
1,2-dibromocyclohexene ( 1.60g, 4.17mmol) in THF (30cm3) was stirred for 
48hr at room temperature. Removal of solvent gave a brown oil which could 
not be crystallized from ether at -78°C. The oil was identified tentatively on 
the appearance of an AB quartet in the 31 P { 1 H} n.m.r. spectrum as 7 9 a 
(op=61.4, 64.9ppm; Jp_p=ll.4Hz); a small amount of NiBr2(dcpe) (op=87.7ppm) 
was also present. 
Cii} Reduction of CC6fuBr-2)NiBr(dcpe) 79a 
A solution of (C6H gBr-2)NiBr(dcpe) 79a obtained from the above 
reaction was added to 1 % sodium amalgam, freshly prepared from sodium 
(0.5g) and mercury (49.5g) and the mixture was stirred for 16hr. Excess 
amalgam was removed by centrifugation and the resulting brown solution 
was evaporated to dryness in vacuo. The oil was redissolved in ether (20cm3) 
and left at -30°C, to yield yellow crystals which were isolated by filtration, 
dried in vacuo. These crystals were identified by 31 P { 1 H} n.m.r. and i.r. 
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spectroscopy as (C6Hs)Ni(dcpe) 78; 3lp{ 1H} n.m.r. (C6D6) o 79.2 (s); I.R. (KBr) 
l 710cm- 1 (s) U(CaC)· A by-product, present in the 31 P{ 1H} n.m.r. spectrum of 
78 (o 56.lppm) as ca. 10% of the total product, remains uncharacterized. 
( d) From (C6H s)Ni(PPh3)2 and L (L = various monodentate and 
bidentate tertiary phosphines) 
~H.s)NiCdcpe) 7 8 
A solution of (C6Hg)Ni(PPh3)2 56 (ca. 100mg) and 1,2-bis(dicyclo-
hexylphosphino)ethane (ca. 50mg) in benzene-d6 (0.5cm 3) was left to stand 
for 12hr. The 31 P { 1 H} n.m.r. spectrum of the resulting solution showed the 
presence of two products in ca. 1:1 ratio; (C6Hg)Ni(dcpe) 78 op 79.2 (s) and 
Ni(dcpe)2 op 43.5 (s) identified by comparison of their spectra with those of 
authentic samples. 
A similar reaction between 56 and 1,2-bis(diphenylphosphino)-
ethane gave a mixture of (C6H g)Ni(dppe) 57 [op 60.2 (s); I.R. (KBr) 1720cm- 1 
(s) U(C=C)], and Ni(dppe)2 (op 43.9), identified by 3lp n .m.r. spectroscopy. 
These results contradict earlier work l 6 which claims 5 7 is the only product 
obtained from this reaction. Attempts to prepare (C6Hs)Ni(PR3)2 (R=Me, Et) 
and (C6H g)Ni(P-P) (P-P=dmpe, depe) by a similar method were unsuccessful. 
3.4.3 Decomposition of cyclohexyne complexes 
A solution of 5 6 ( l .00g, 1.50mmol) in THF (30cm 3) was stirred 
under an argon atmosphere at room temperature for three weeks . During 
this time 56 completely decomposed to Ni(PPh3)3 [31 P{ 1H} n.m.r. (C6D6 ) 8 
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24.5 (s)]. The brown solution was evaporated to dryness and the resulting oil 
was chromatographed on neutral alumina (act. III) using 1: 1 THF/n-hexane 
as eluent. A pale yellow band was eluted from the column and identified as a 
mixture of triphenylphosphine [3 1P{ 1 H} n.m.r. (C6D6) o -6.1 (s), and 
triphenylphosphine oxide; 31 P { 1 H} n.m.r. (C6D 6) o 25.0 (s)]. Further elution 
of the column with THF gave only a small amount of triphenylphosphine 
oxide and no oligomers of cyclohexyne. 
3.4.4 Reactions of cyclohexyne-nickel complexes with carbon 
dioxide, carbon disulfide and carbon monoxide 
Ca) Carbon dioxide 
(i) Carbon dioxide was bubbled through a solution of 
(C6Hs)Ni(PPh3)2 56 (0.29g, 0.35mmol) in THF (30cm3) for four hours. The 
resulting orange-brown solution was evaporated in vacuo to give a brown 
oil. The oil was shown by its 3 l P { 1 H} n.m.r. spectrum to contain Ni(PPh3)3 
[ 3 1 P { 1 H} n.m.r. (C6 D 6) o 24.3ppm (s)]. A sample of the oil was 
chromatographed on neutral alumina (act. III) using 1: 1 n-hexane/THF as 
eluent. The pale yellow fraction eluted was evaporated to dryness and 
recrystallized from hot n-hexane to give triphenylphosphine (0.08g) 
[3 1P{ 1H} n.m.r. (C6D6) o -6 .0 (s); mass spectrum, m l z 262 (parent ion)]. 
Further elution gave triphenylphosphine oxide [3 1 P { 1 H} n.m.r. (C6D 6) o 25 .0 
(s); mass spectrum, mlz 278 (parent ion)], and no evidence for the formation 
of oligomers of cyclohexyne was obtained. 
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(ii) Carbon dioxide was bubbled through a solution of S 6 (0. 70g, 
1.05mmol) and 2,5-diphenyl-3,4-isobenzofuran, DPIBF, (0.45g, 1.67mmol) in 
THF (20cm 3) for four hours at room temperature and pressure. Removal of 
solvent gave a brown oil which was chromatographed on neutral alumina 
(act. III) using 3: 1 n-hexane{fHF as eluent. A yellow band was eluted first 
and identified as DPIBF [mass spectrum, ml z 270 (parent ion)] and the second 
band eluted was identified as triphenylphosphine [3 1 P { 1 H} n.m.r. (C6 D 6) 
o -6.0 (s); mass spectrum, ml z 262 (parent ion)]. Further elution, with THF, 
gave triphenylphosphine oxide [3 1 P { 1 H} n.m.r. (C6 D 6) o 25.0 (s); mass 
spectrum, ml z 278 (parent ion)] as the only product. 
A similar reaction using 2,3 ,4,5-tetraphenylcyclopentadienone 
(TPCP) as the trapping reagent also failed to yield the expected cyclohexyne-
1,3-diene adduct. 
Carbon dioxide was bubbled through a solution of (C6H g)Ni(PEt3)2 
7 7 a in THF (20cm3 ). After 15 minutes the solution was shown by 31 P { 1 H } 
n.m.r. spectroscopy to contain Ni(PEt3)3 [3 l P { 1 H} n.m.r. (C6D 6) o 17.0 (s)], 
but after two hours the solution was shown spectroscopically to be a mixture 
of Ni(PEt3)2(CO2)34 [3 l P { 1 H} n.m.r. (C6D6) o 7 (br m), LR. U(C=O)= 1620cm- 1] 
and triethylphosphine oxide [31 P { 1 H} n.m.r. (C6D6) o 46 75]. 
Carbon dioxide was bubbled for three hours through a solution of 
(C6Hs)Ni(dcpe) 78 (0.96g, (1.71mmol) in benzene (30cm3). The resulting 
yellow precipitate was isolated by filtration, washed twice with n-hexane 
(10cm3) and dried in vacuo to give {C(CH2)4C(O)O}Ni(dcpe) 86 (0.83g. 81%) as 
a pale yellow solid, mp 140-142 dee; 13C{ lH} n.m.r. (CD2Cl2) o 23.0-36.0 (m, 
CH2,CH2P, CHP), 128.6 (s, CCNi), 166.2 (dd, 2Jp_c+2Jp_c=107Hz, CCNi), 185.0 (br s, 
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CO2); 31 P { 1 H} n.m.r. (CD2Cl2) o 66.1, 74.1 (ABq, J=22Hz); I.R. spectrum (KBr) 
1620cm- 1,(s) U(C=O), 1555cm- 1,(w) U(C=C); mass spectrum, mlz 605 (parent 
ion), ml z 480 Ni(dcpe)+. 
Anal. Calcd for C33H56O2P2Ni: 
found: 
Cb) Carbon disulfide 
C, 65.5, H, 9.3, P, 10.1 % 
C, 65.9, H, 9.5, P, 9.0 % 
(i) To a solution of (C6H g)Ni(dcpe) 78 (0.15g, 0.27mmol) in benzene 
( 10cm 3) was added carbon disulfide (50µ1, 0.84mmol) and the brown solution 
was stirred for 12hr at room temperature. The brown solid which was 
deposited was isolated by filtration, washed with n-hexane · (10cm3) and dried 
in vacuo. The solid was identified by 3 1 P { 1 H} n.m.r. spectroscopy as a 
mixture of { C(CH2)4C(S)S} Ni(dcpe) 90 [31 P { 1 H} n.m.r. (C6D6) o 71.4, 75.3 (ABq, 
1=21Hz)], (CS2)Ni(dcpe) 91 [31p{ lH} n.m.r. (C6D6) o 58.8, 64.0 (ABq, 1=8Hz)] 
and several uncharacterized by-products. 
(ii) A solution of (C6Hg)Ni(PPh3)2 56 (ca. 50mg) in benzene-d6 
( 0. 5 cm 3) in an n.m.r. tube was treated with carbon disulfide (50µ 1). After 
five hours the solution was centrifuged to remove some solid material and 
the 31 P { 1 H} n.m.r. spectrum of the resulting brown solution indicated the 
presence of [(CS2)Ni(PPh3)]n 92 [3 1P{ 1H} n.m.r. (C6D6) o 24.8 (s)] as 
identified by comparison of its spectrum with that of an authentic sample.3 8 
Cc) Carbon monoxide 
Carbon monoxide was bubbled through a solution of (C6 H 8) -
Ni(dcpe) 78 (0.10g, 1.78mmol) in THF (40cm3) for one hour. The resulting 
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yellow solution was evaporated to dryness to leave a yellow solid. This was 
washed twice with n-hexane (10cm3) and dried in vacuo to leave 
Ni(CO)2(dcpe) 88 (0.075g, 70%); 13c { 1H} n.m.r. (CD2Cl2) o 23.0 (t, J=40Hz, 
CH2P), 26.7, 27.6, 28.5, 29.3 (each s, CH2), 35.6 (t, J=l8Hz, CHP), 204.9 (t, J=8Hz, 
CO); 31p( lH} n.m.r. (CD2Cl2) o 62.8 (s); I.R. spectrum (KBr)=l980cm- 1(s), 
2060cm- 1 (s) U(C=O); mass spectrum, ml z 508, Ni(CO)(dcpe)+. 
Anal. Calcd for C2gH4gO2P2Ni; 
found; 
C, 62.6, H, 9.0, 
C,63.1, H,9.0, 
3.4.5 Reactivity of {C(CH2)4CC(O)O}Ni(dcpe) 86 
Ca} Dimethyl acetylenedicarboxylate 
To a solution of 8 6 (0.44g, 0. 73mmol) in THF (25cm3) was added 
dimethyl acetylenecarboxylate (0.20ml, l .63mmol) and the solution was 
stirred for four hours. The resulting amber precipitate was isolated by 
filtration and washed twice with n-hexane (10cm3) to give 
{ C(CO2Me)=C(CO2Me)C(CH2)4CC(O)O }Ni(dcpe) 89 (0.3 lg, 57%), mp 148-150°C 
dee; 1 H n.m.r. (CD2Cl2) o 1.2-2.6 (m, CH2, CH2P, CHP), 3.5, 3.7 (each s, OCH3); 
13c { 1H} n.m.r. (CD2Cl2) o 23.0-37.0 (m, CH2,CH2P, CHP), 51.3, 51.4 (each s, 
OCH3), 133.5, 135.6 (s, C=C), 163.6 (dd, 2Jp_c+2Jp_c=12Hz, CCNi), 171.5 (dd, 
2Jp_c+ 2Jp_c=106Hz, CCNi), 173.6, 175.0 (s, CO2Me), 186.0 (s, CO2); 31 P{ 1H} n.m.r. 
(CD2Cl2) o 65.5, 68.4 (ABq, J=35Hz); I.R. spectrum (KBr) 1710cm- 1(s), 
1695cm-1(s), 1640cm-l(s) U(C=O), 1555cm-l(w) U(C=C); mass spectrum, ml z 702 
(parent ion -CO2). 
Anal. Calcd for C39H62O6P2Ni: 
found: 
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C, 62.6, H, 8.3, P, 8.3 % 
C, 62.6, H, 8.4, P, 7.8 '1o 
/ 
II 
Ii 
I 
Cb} 3-Hexyne 
In an n.m.r. tube, a solution of 8 6 (ca. 50mg) in benzene-d6 was 
treated with 3-hexyne (70µ1) and heated at 80°C for 24hr. The 3 l P { 1 H} n.m.r. 
spectrum of the resulting solution showed the presence of (EtC=CEt)Ni(dcpe) 
8 7 [31 P { 1 H} n.m.r. (C6D 6) 6 69. 7 (s)], and small amounts of uncharacterized 
decomposition products. 
Cc} Carbon monoxide 
Carbon monoxide was bubbled through a solution of 8 6 (0. 81 g, 
l.33mmol) in THF (50cm3) for one hour. The resulting lemon-yellow solution 
was evaporated to dryness to leave a pale yellow solid, identified 
spectroscopically as Ni(CO)2(dcpe) 88; 3 l P { 1 H} n.m.r. (CD2Cl2) 6 62.8 (s); I.R. 
spectrum (KBr) U(C=O)= 19 80cm- 1, 2060cm- 1. 
3.4.6 Reactions of cyclohexyne-nickel complexes with alkenes 
and alkyn.es 
Ca} Dimethyl acetylenedicarboxylate 
A solution of 56 (0.26g, 0.38mmol) in THF (20cm3) was treated with 
dimethyl acetylenedicarboxylate (71µ1, 0.58mmol) and stirred for five hours. 
Removal of solvent in vacuo gave (MeO2CC=CCO2Me)Ni(PPh3)2 93 (31 P { 1 H} 
n.m.r. (C6D 6) 6 38.8 (s)], as a brown oil identified by comparison of its 
3 1 P { 1 H} n.m.r. spectrum with that of authentic sample. 7 2 
74.8 (s)] was formed similarly from 78 and dimethyl acetylenedicarboxylate. 
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Cb) 3-hexyne 
To a solution of (C6Hs)Ni(PPh3)2 56 (0.08g, 0.12mmol) in benzene-
d6 (0.5cm3) in an n.m.r. tube was added 3-hexyne (15µ1, 0.13mmol). After 
four hours at 70°C the 31 P { 1 H} n.m.r. spectrum of the solution was recorded; 
this showed the presence of (EtC=CEt)Ni(PPh3)2 95 [31 P{ 1H} n.m.r. (C6D6) 8 
39.9 (s)], identified by comparison of its 31 P { 1 H} n.m.r. spectrum with that of 
an authentic sample. 7 2 
The complex (EtC=CEt)Ni(dcpe) 87 [3lp{ lH} n.m.r. (C6D6) o 69.7 (s)] 
was made similarly from (C6H g)Ni(dcpe) 78 and 3-hexyne at 70°C. 
Cc) Ethylene 
(i) A stream of ethylene was bubbled through a solution of 5 6 
(0.25g, 0.38mmol) in THF (20cm3) for 12hr. The resulting yellow solution was 
evaporated to dryness to leave a yellow solid, identified by its 31 P { 1 H} n.m.r. 
spectrum as (C2H4)Ni(PPh3)2 96a [3 1P{ 1H} n.m.r. (C6D6) o 33.6 (s)]. A small 
amount of Ni(PPh3)3 [3 1 P { 1 H} n.m.r. (C6D6) o 24.2 (s)], was also present. 
The complex (C2H4)Ni(PEt3)2 96b [3 1 P { 1 H} n.m.r. (C6D6) o 18.7 (s)], 
was formed similarly from (C6Hs)Ni(PEt3)2 77a. 
(ii) A solution of (C6H g)Ni(dcpe) 78 (0.47g, 0.83mmol) in benzene 
( I 5 cm 3) saturated with ethylene was left under an ethylene atmosphere at 
8 0° C for 72hr. The resulting yellow solution was evaporated to dryness z n 
vacuo to leave a yellow solid, identified by its 31 P { 1 H} n.m.r. spectrum as 
(C2H4)Ni(dcpe) 96 [31 P { 1 H} n.m.r. (C6D6) o 62. 7 (s)]. 
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3. 4. 7 Reactions of cyclohexyne-nickel complexes with 
electrophiles 
Ca) Methyl iodide 
Methyl iodide (0. lcm3, 1.60mmol) was added to a solution of 
(C6Hs)Ni(dcpe) 78 (0.38g, 0.68mmol) in benzene (10cm3) and the mixture 
was stirred for 15 minutes. The orange solution was evaporated in vacuo 
until an orange solid precipitated. Addition of n-pentane (10cm3), followed 
by filtration, gave (C6HsMe-2)Nil(dcpe) 97 (0.30g, 64%) as an orange solid, 
mp. 140-141°C dee; 1H n.m.r. (C6D6) o 1.0-2.8 (m, CH2, CHP), 2.4 (s, CH3); 
3lp{ 1 H} n.m.r. (C6D6) cS 57.7, 60.4 (ABq, J=9Hz); mass spectrum, mlz 607 
Ni(dcpe)I+. 
Anal. Calcd for C33H59IP2Ni; 
found; 
C, 56.4, H 8.5, P 8.7 % 
C, 57.2, H 8.6, P 7.8 % 
The complex trans-(C6HsMe-2)NiI(PEt3)2 98 [ 1H n.m.r. (C6D6) o 2.4 
(s, CH3); 3lp{ 1H} n.m.r. (C6D6) o 10.8 (s)] was formed similarly from 77a, 
together with the by-products trans-Ni(Me)(l)(PEt3)2 [3 1 P { 1 H} n.m.r. (C6D 6) 
cS 12.4 (s)] and trans-Nil2(PEt3)2 [3 1P{ 1H} n.m.r. (C6D6)0 9.3 (s)]. 
Cb) Halo~ens 
A solution of (C6Hs)Ni(dcpe) 78 (ca. 50mg) and bromine (ca. 20µ1) in 
benzene-d6 (0.5cm3) in an n.m.r. tube was shaken for one minute then left 
to stand for 30 minutes. The 31 P { 1 H} n.m.r. spectrum of the solution after 
this time showed NiBr2(dcpe) 99 [3 1 P { 1 H} n.m.r. (C6D6) o 86.9 (s)] as the only 
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product, identified by companson of its 31 P { 1 H} n.m.r. spectrum with that of 
an authentic sample. I 2 
The complex Nil2(dcpe) 100 [3 1 P { 1 H} n.m.r. (C6D 6) o 9.3 (s)]. was 
made similarly from 7 8 and iodine. 
3.4.8 Preparation of 2-bromocyclopenten-2-yl Ni(II) complexes 
Ca} Preparation of 1,2-dibromocyclopentene 7 3 
To a slurry of sodium amide (40.6g, 1.04mol) in 800cm3 THF was 
added tert-butanol ( 46.5cm3, 0.50mol) and 1-chloro-1,2-dibromocyclo-
pentane (130g, 0.50mmol) prepared In a two-step synthesis from 
cyclopentanone and PCl5. 7 4 The resulting dark brown solution was stirred 
for one hour, then evaporated in vacuo to half of its original volume and 
poured onto 500cm3 ice. The product was extracted twice with ether and the 
combined ether extracts were washed three times with water then dried over 
sodium sulfate. Ether was removed in vacuo to leave a brown oil from which 
1,2-dibromocyclopentene (b.p. 67°C 7.3mmHg, 72.3g, 65%) was obtained by 
distillation. 
(b) (C5fuBr-2)NiBr(PPh3l2.li 
A slurry of Ni(COD)2 (1.24g, 4.50mmol) and triphenylphosphine 
(2.36g, 9.00mmol) In n-hexane ( 40cm3) was treated with 1,2-dibromo-
cyclopentene (3.5cm3, 29.3mmol) and stirred for 12hr. The resulting light 
brown solid was isolated by filtration and recrystallized from acetone/water 
to give 81 (2.4g, 64%) as a bright yellow solid, mp 132°C dee; 1 H n.m.r. 
(CD2Cl2) o 1.6, 2.8 (br s, CH2), 7.3-8.0 (m, C6H5); 3 l P { 1 H} n.m.r. (CD2Cl2) o 24.0 
(s). 
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Anal. Calcd for C41H36Br2P2Ni: 
found: 
C, 60.9; H, 4.5; P, 7.7; Br, 19.8"£ 
C, 61.2; H, 4.7; P, 7.2; Br, 19.5 % 
The complex (CsH6Br-2)NiBr(PCy3)2 82 (58%) was made similarly 
from (C2H4)Ni(PCy3)2 and 1,2-dibromocyclopentene, mp 145°C dee; 1 H n.m.r. 
Anal. Calcd for C41H72Br2P2Ni: 
found: 
C, 58.3; H, 8.6; P, 7.3; Br, 18.9 % 
C, 57.7 H, 8.9; P, 6.8; Br, 19.4 % 
3.4.9 Attempted preparation of cyclopentyne-nickel complexes 
(a) From 2-bromocyclopenten-2-yl Ni(II) complexes 
A solution of (C6H5Br-2)NiBr(PPh3)2 81 (0.77g, 0.95mmol) in THF 
(40cm3) was added to 1% sodium amalgam, freshly prepared from sodium 
(0.25g) and mercury (25g), and the mixture was stirred for 24hr. Excess 
amalgam was removed by centrifugation and the supernatant liquid was 
evaporated in vacuo to give a deep brown oil which crystallized on addition 
of n-hexane (10cm3). The i.r. spectrum of the brown solid did not exhibit a 
u (C=C) band at 1500-1700cm- 1 expected for cyclopentyne-metal complexes2 8 
and the 31 P { 1 H} n.m.r. spectrum showed only a peak at o 24.3ppm, due to 
Ni(PPh3)3. 
A similar reaction starting from (C5H6Br-2)NiBr(PCy3)2 82 failed 
to give the desired cyclopentyne-nickel complex; the 31 P { 1 H} n.m. r. 
spectrum showed only a peak at o 45.0ppm, due to Ni(PCy3)3 . 
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( b) From reduction of 1,2-dibromocyclopentene in the presence 
of (C2H4)Ni(dcpe) 
To 1 % sodium amalgam, freshly prepared from sodium (0.63g) and 
mercury (62g), was added (C2 H 4 )Ni(dcpe) ( 1.33g, 2. 61 mmol) and 
1,2-dibromocyclopentene (0.65ml, 5.45mmol) 1n THF (50cm3). The mixture 
was stirred for 24hr, then excess amalgam was removed by centrifugation. 
The brown solution was evaporated to dryness to leave an oil which, on 
treatment with toluene (10cm3), yielded a yellow solid. The solid was isolated 
by filtration, washed with ether (10cm3) and dried in vacuo to give 
(µ-C5H6)Ni2(dcpe)2 83 (0.34g, 28%) as a yellow solid, mp = 130-132°C dee; 
1H n.m.r. (CD2Cl2) o 1.0-3.0 (m, CH, CH2); 13C{ 1H} n.m.r. (CD2Cl2) o 22.0 (s, 
CH2), 25.8-34.6 (m, CH, CH2), 38.4 (s, CH2); 3 l P { 1 H} n.m.r. (CD2Cl2) o 60.8, 70.1 
(ABq, 2Jp_p=l7Hz); I.R. (KBr) U(C=C)=1570cm- 1 (s). The complexes 
( C2H 4)Ni(dcpe) [o 62.7) and NiBr2(dcpe) [o 87.0) were shown by 3 l P { 1 H } 
n.m.r . . spectroscopy also to be present. 
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CHAPTER FOUR 
CONCLUSION 
Cyclohexyne-nickel(0) complexes can be conveniently prepared 
by the reduction, by 1 % sodium amalgam, of 1,2-dibromocyclohexene in the 
presence of appropriate ethylene-nickel(0) complexes. The complex 
method, 1s the first structurally characterized mononuclear complex 
containing a 11 2 -cyclohexyne ligand stabilized by a 3d element. In addition to 
78, the complexes (C6Hs)NiL2 (L2 = 2PPh3 56, dppe 57, 2PEt3 77a, 2PCy3 77b) 
were prepared and characterized spectroscopically. 
The synthesis of cyclohexyne-nickel(0) complexes 1s believed not 
to produce free cyclohexyne at any stage but rather the unstable fragment 
1s generated at the metal centre. As mentioned in Chapter One, the metal 
complexes of reactive fragments such as carbenes and cyclobutadiene are 
formed in the same way. It should be possible to extend the range of 
cyclohexyne-nickel complexes, providing that appropriate ethylene-nickel 
starting materials can be isolated. 
The availabilty of cyclohexyne-nickel(0) complexes enables a 
comparison to be made with both cycloalkyne-platinum(0) and benzyne-
nickel(0) complexes. The cyclohexyne-nickel species resemble their 
benzyne-nickel analogues in that both types of complexes are synthesized 
by the sodium amalgam reduction of nickel(II) precursors. However the 
cyclohexyne-nickel complexes can be made in a one-pot procedure from a 
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nickel(II) precursor, whereas this has not yet proved possible for the 
benzyne complexes. 
The complexes (C6Hs)NiL2 (L = PPh3 56, PEt3 77a) are much more 
reactive than (C6Hs)Ni(dcpe) 78 in that they are readily decomposed by a 
range of unsaturated molecules and phosphine ligands. Presumably the 
electron-donating ability of of the dcpe ligand, which enhances metal-
ligand 1t -back bonding and the ability of the ligand to shield the metal 
centre, contribute to the stability of 7 8. The benzyne analogue of 7 8, 
(C6H 4)Ni(dcpe) 32, is believed to be more stable than benzyne-nickel 
complexes containing monodentate tertiary phosphines for the same reason. 
Cyclohexyne-nickel(O) complexes, however, are more difficult to isolate and 
less stable than cycloalkyne-platinum(O) complexes. Similarly, acyclic 
alkyne-platinum(O) complexes are more stable than nickel(O) analogues, in 
line with generally greater stability and lower !ability of 5d element 
complexes relative to analogous 3d element compounds. 
The nature of the stabilizing phosphine ligand In cyclohexyne-
nickel(O) and cycloalkyne-platinum(O) complexes affects the reactivity of 
these complexes. Cyclohexyne complexes of platinum containing an 
electron-donating di(tertiary)phosphine ligand, R2PCH2CH2PR2, (R = Me, Et, 
Cy) easily insert polarizable unsaturated molecules such as carbon dioxide 
into their platinum-carbon bonds. Similarly (C6 H 8 )Ni(dcpe) 7 8 inserts 
carbon dioxide into its nickel-alkyne bond. It is believed that the presence of 
electron-donating di(tertiary)phosphine ligands stabilize 1,3-dipolar 
intermediates of the type M+ C- c-c CH 2) 3 CH 2, which then interact with 
polarizable unsaturated molecules. It IS perhaps surpns1ng that the 
electron-donating PEt3 ligands in the complex (C6Hs)Ni(PEt3)2 77a do not 
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influence the coupling of carbon dioxide to the cyclohexyne ligand of 7 7 a. 
However, it appears to have been established beyond doubt that cyclohexyne 
1s not liberated in these reactions, although further reactions will be needed 
to determine its fate. It would be interesting to study the reactivity of polar 
unsaturated molecules toward cycloalkyne-platinum(O) complexes 
containing monodentate tertiary(alkyl)phosphine ligands. The electron-
donating phosphine ligands would be expected to enhance the 
nucleophlicity of the metal centre resulting 1n facile insertion of 
polarizable unsaturated molecules. 
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APPENDIX 1 
The crystal structure of (rt 2-C6Hg)Ni[(C6H 11)2PCH2CH2P(C6H 11)2] 
7 8 was solved by Dr. A.C. Willis of the Research School of Chemistry, 
Australian National University. 
Yellow crystals of the complex (ri 2 -C6Hg)Ni(dcpe) 78, 
dcpe = (C6H11)2PCH2CH2P(C6H11)2 were grown from diethyl ether at -30°C 
under an argon atmosphere. The structure was solved using direct methods 
techniques. 
Experimental details are recorded 1n Table I, selected bond 
distances are listed in Table II and selected interbond angles are listed in 
Table III. The molecular geometry of 78, showing atomic labelling, is shown 
in Figure I. 
Table I: Experimental details. 
Formula C32H56P2Ni 
Molecular weight 561.45 
Crystal system monoclinic 
Space group P21/a. 
I 4 
a, A 10.006 (1) 
b, A 17.772 (1) 
C, A 17.721 (1) 
~, 0 90.27 (1) 
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V, A3 
Density (calc), gem· 3 
µ, cm· 1 
Temperature, K 
Crystal size, mm 
Diffractometer 
Scan type 
Width, 0 in 0 
Rate, 0 Im in 0 
Radiation, A 
Range of h, k, 1 
No. of unique reflections 
No. of observed reflections, [1>3a(I)] 
Method of solving structures 
R 
Rw 
Goodness of fit 
F(000) 
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3151.2 (4) 
1.183 
19.93 
298 
0.34 X 0.15 X 0.17 
Philips PWl 100/20 
0-20 
(1.0 + 0.142tan0) 
3 
CuKa., 1.5418A 
0-+ 11, 0-+20, -20-+20 
5560 
3932 
Direct methods 
0.048 
0.070 
1.70 
1224 
C215 
C213 
C221 C223 
C226 
C21 
C4 
Cl 12 
Cl23 
Cl 13 
Cl24 Cl 14 
Cl 16 
C 115 
Figure I: Moleuclar geometry of (C6H 8 )Ni(dcpe) 7 8. 
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Table II: Selected bond lengths for (C6H g)Ni(dcpe) 78. 
Bond Lengths (A) 
Ni - Pl 2.139 (1) Cl 14 - Cl 15 1.504 (8) 
Ni - P2 2.138 (1) Cll5-Cll6 1.530 (6) 
Ni - Cl 1.875 (4) Cll6 - Clll 1.533 (5) 
Ni -C2 1.867 (4) Cl21 - Pl 1.854 (4) 
Cl - C2 1.272 (5) Cl21 - Cl22 1.527 (6) 
C2- C3 1.480 (6) Cl22 - Cl23 1.539 (7) 
C3 - C4 1.540 (l0)a Cl23 - Cl24 1.507 (8) 
C3 - H3A 0.945 (5) Cl24 - Cl25 1.507 (7) 
C3 - H3B 0.945 (5) Cl25 - Cl26 1.524 (6) 
C4-C5 1.430( l 2)a Cl26 - Cl2 l 1.526 (6) 
C4 - H4A 0.961(9)a C21 l - P2 1.852 (4) 
C4 - H4B 0.965 (9)a C21 l - C212 1.512 (6) 
C5 - C6 1.530 (l0)a C212 - C213 1.537 (7) 
C5 - H5A 0.964 (9)a C213 - C214 1.495 (7) 
C5 - H5B 0.962 (1 l)a C214 - C215 1.497 (8) 
C6- Cl 1.504 (6) C215 - C216 1.529 (7) 
C6 - H6A 0.944 (5) C216 - C211 1.510 (6) 
C6 - H6B 0.946 (5) C221 - P2 1.870 (7)a 
Cl 1 - Pl 1.860 (4) C221 - C222 1.557 (l0)a 
Cl 1 - C21 1.539 (6) C222 - C223 1.553 (12)a 
C21 - P2 1.863 (4) C223 - C224 1.311 (13)a 
Clll - Pl 1.856 (4) C224 - C225 1.566 (13)a 
CI 1 - CI 12 1.526 (6) C225 - C226 1.593 (13)a 
C112-CI13 1.532 (6) C226 - C221 1.391 (12)a 
C113-C114 1.509 (7) 
a. Averaged values due to disorder. 
177 
Table III: Selected interbond angles for (C6H g)Ni(dcpe) 7 8. 
Bond Angles (0 ) 
Pl - Ni - P2 91.3 (1) C5 - C6 - Cl 107.4 (5)a 
Pl - Ni - Cl 152.6 (1) C5 - C6 - H6A 109.7 (6)a 
Pl - Ni - C2 112.8 (1) C5 - C6 - H6B 108.9 (5)a 
P2 - Ni - Cl 116.1 (1) Cl - C6 - H6A 109.3 (4) 
P2 - Ni - C2 155.6 (1) Cl - C6 - H6B 110.1 (4) 
Cl - Ni - C2 39.7 (2) Pl - Cl 1 - C21 110.3 (3) 
Cl 1 - Pl - Ni 108.5 (1) Cll-C121-P2 110.8 (3) 
Cl 11 - Pl - Ni 118.2 (1) Pl - Clll - Cl12 111.3 (3) 
C121 - Pl - Ni 117.4 (1) Pl-Clll-C116 116.6 (3) 
II Cl 1 - Pl - Cl 11 103.4 (2) Cl 12 - Cl 11 - Cl 16 110.2 (3) 
Cl 1 - Pl - C121 103.8 (2) Cl 11 - Cl 12 - Cl 13 111.9 (4) 
Cl 11 - Pl - C121 103.9 (2) C112 - C113 - C114 111.1 (4) 
C21 - P2 - Ni 106.9 (1) Cl 13 - Cl 14 - Cl 15 111.4 (4) 
C211 - P2 - Ni 120.1 (1) C114 - C115 - C116 111.7 (4) 
C221 - P2 - Ni 117.7 (2)a C115 - Cl16 - Clll 110.6 (4) 
C21 - P2 - C211 100.9 (2) P 1 - C 121 - C 122 109.4 (3) 
C21 - P2 - C221 103.4 (3)a Pl - C121 - C126 111.5 (3) 
C211 - P2 - C221 104.9 (3)a C122 - C121 - C126 110.6 (3) 
Ni - Cl - C2 69.8 (2) C121 - C122 - C123 112.6 (4) 
Ni - Cl - C6 164.7 (3) C122 - C123 - C124 111.2 (4) 
C2 - Cl - C6 125.5 (4) C123 - C124 - C125 111.0 (4) 
Ni - C2 - Cl 70.5 (2) Cl24 - Cl25 - Cl26 111.0 (4) 
Ni - C2 - C3 161.1 (3) C125 - C126 - Cl21 112.2 (4) 
Cl - C2 - C3 128.4 (4) P2 - C211 - C2 l 2 110.1 (3) 
C2 - C3 - C4 106.7 (5)a P2 - C211 - C216 113.5 (3) 
C2 - C3 - H3A 110.3 (5) C212 - C211 - C216 109.7 (4) 
C2 - C3 - H3B 109.2 (4) C211 - C212 - C213 112.0 (4) 
C4 - C3 - H3A 110.7 (5)a C212 - C213 - C214 110.9 (4) 
C4 - C3 - H3B 109.6 (6)a C213 - C214 - C215 111.2 (4) 
C3 - C4 - C5 111.3 (8)a C214 - C215 - C2 l 6 112.1 (4) 
C3 - C4 - H4A 109.6 (8)a C215 - C216 - C211 110.8 (4) 
C3 - C4- H4B 112.2 (9)a P2 - C221 - C222 109.3 (5)a 
C5 - C4 - H4A 105.0 (8)a P2 - C221 - C226 115.9 (6)a 
C5 - C4- H4B 106.1 (8)a C222 - C221 - C226 112.0 (8)a 
C4 - C5 - C6 119.3 (8)a C221 - C222 - C223 112.6 (8)a 
C4 - C5 - H5A 109.9 (8)a C222 - C223 - C224 114.6 (8)a 
C4 - C5 - H5B 103.4 (9)a C223 - C224 - C225 111. 7 (7)a 
C6 - C5 - H5A 105.9 (9)a C224 - C225 - C226 110.7 (8)a 
C6 - C5 - H5B 111.1 (9)a C225 - C226 - C221 112.8 (8) 
a. Averaged values due to disorder. 
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